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The  purpose ofthis  manual  istodescribethefield 
and  laboratory  techniques  that  should  be  used  to 
acquire  data  for  the  aquatic  component  of  the  Long 
Term  Ecological  Monitoring  System  (LTEMS)  that  has 
been  developed  for  the  Shenandoah  National  Park 
(SNP  or  Park).  The  major  aquatic  resources  in  the 
SNP  are  the  numerous  small  streams.  The  primary 
tasks  that  the  manual  addresses  are:  choosing  and 
establishing  stream  sites,  finding  existing  sites,  taking 
measurements  and  samples  in  the  field,  analyzing 
samples  in  the  laboratory,  calculating  final  results, 
and  keeping  records  of  data  prior  to  entry  in  the  data 
base  management  system.  The  user  manual  is  in- 
tended to  provide  sufficient  information  for  persons 
with  some  background  in  field  biology  (e.g.,  fisheries, 
wildlife,  entomology,  ecology,  forestry,  natural  re- 
source management,  recreation).  The  most  likely 
users  will  be  National  Park  Service  employees,  but  the 
manual  will  also  enable  other  researchers  in  the  vari- 
ous aquatic  sciences  to  contribute  to  the  LTEMS. 

DESIGN 

Site  Selection 

In  orderfor  the  aquatic  LTEMS  to  be  success- 
ful, the  stream  sites  must  be  representative  of  all  the 
different  environments  in  the  SNP.  For  the  aquatic 
component,  the  term  site  refers  to  a  designated  length 
of  stream  along  with  the  riparian  area.  The  stream 
sites  are  classified  in  the  following  hierarchical  sys- 
tem: 

Administrative  District 

Southern 

Central 

Northern 

Geological  Formation/Alkalinity 

Catoctin  (100-200  ueq/L) 
Pedlar  or  Old  Rag  (20-100  ueq/L) 
Hampton  or  Erwin  (<20  ueq/L) 

Elevation 

Upper  (>548.6  m  [1800  ft]) 
Lower  (< 548.6  m  [1800  ft]) 

Other  Factors 

Accessibility 

SNP  trout  monitoring  sites 

Current  research  interests 


Using  the  three  administrative  districts  as  the  first 
level  of  classification  is  a  convenient  means  of  distrib- 
uting the  stream  sites  throughout  the  Park.  In  most 
cases,  it  is  impossible  to  predict  where  an  adverse 
impact  might  occur.  Therefore,  spreading  the  sites 
throughout  the  Park  increases  the  probability  of  hav- 
ing data  from  where  they  might  be  needed. 

Geological  formations  were  selected  as  the  sec- 
ond level  of  classification  because  the  SNP  has  a 
uniquely  diverse  geology  and  resulting  water  chemis- 
try, particularly  alkalinity.  There  are  great  differences 
among  watersheds,  and  often  between  adjacent 
watersheds.  Alkalinity  and  related  water  chemistry 
are  probably  significant  factors  affecting  the  distribu- 
tion of  the  aquatic  biota.  Information  on  geological 
formations  and  alkalinity  can  be  obtained  from  Gathright 
(1976)  and  Dise  (1984),  respectively.  Streams  in  the 
SNP  seldom  have  their  watersheds  entirely  within  a 
single  geological  formation.  An  effort  should  be  made 
to  establish  stream  sites  in  watersheds  which  have  at 
least  75%  of  their  area  within  one  of  the  geological 
formation  categories. 

Elevation  affects  the  distribution  of  aquatic  biota 
indirectly  because  of  factors  such  as  stream  width, 
depth,  current  velocity,  valley  shading,  and  tempera- 
ture. The  SNP  is  located  entirely  within  the  northern 
section  of  the  Blue  Ridge  physiographic  province, 
which  is  the  narrow  (about  8  km)  mountainous  area 
between  the  low-lying  Piedmont  province  to  the  east 
and  the  Ridge  and  Valley  province  to  the  west  (Hoffman 
1 969,  Gathright  1 976).  Because  of  the  narrow  moun- 
tainous, characteristics  of  the  Blue  Ridge,  drainage 
basins  in  this  province  typically  have  a  steep  gradient. 
Drainage  basins  on  the  west  slope  follow  a  trellis 
pattern,  in  which  the  small  streams  flowing  down  the 
mountains  are  parallel  and  join  the  main  stream  in  the 
valley  (Shenandoah  River)  at  right  angles  (Reid  and 
Wood  1976).  Those  on  the  east  slope  follow  a  den- 
dritic pattern,  so-called  because  of  the  resemblance 
to  tree  roots  (Reid  and  Wood  1976).  The  criterion  of 
548.6  m  (1800  ft)  for  distinguishing  upper  and  lower 
sites  was  selected  because  field  observations  indi- 
cated that  streams  in  the  SNP  tended  to  become  very 
narrow  and  shallow  (several  m  wide  and  less  than 
knee  deep)  approximately  above  that  elevation.  This 
delimitation  is  somewhat  arbitrary  and  can  be  varied 
within  reason  when  it  is  desirable  to  have  both  an 
upper  and  lower  site  on  the  same  stream.  Elevation  is 
best  determined  from  the  Potomac  Appalachian  Trail 
Club  maps  (scale  1:62,500).  The  USGS  7.5  min 
topographic  maps  are  not  as  useful  because  they  are 
not  as  accurate  regarding  trails,  fire  roads,  and  stream 
permanency. 

Accessibility  should  be  given  serious  considera- 
tion when  choosing  sites.  If  a  site  cannot  be  reached 


with  reasonable  effort  at  the  desired  time,  then  the 
data  are  likely  to  be  sporadic  and  would  not  be  useful 
for  monitoring.  Trout  populations  in  the  SNP  have 
been  monitored  for  some  time;  therefore,  it  is  logical 
to  establish  stream  plots  at  many  of  the  same  sites  so 
that  there  will  be  ecological  data  to  explain  the  results 
of  fish  sampling.  Gypsy  moth  infestation  and  acid 
deposition  are  environmental  concerns  at  the  present 
time  in  the  SNP.  Some  preference  should  be  given  to 
stream  plots  that  are  likely  to  be  affected  or  are  being 
studied  as  part  of  other  research  projects. 

Site  Locations 

Based  upon  the  hierarchical  classification 
system  described  above,  17  stream  sites  were  se- 
lected for  the  aquatic  LTEMS.  These  are  listed  below, 
with  exceptions  to  the  classification  system  marked 
with  an  asterisk  and  explained  in  the  following  para- 
graph. Detailed  descriptions  of  the  site  locations, 
including  maps  and  travel  directions,  are  given  in 
Appendix  III.A. 

Southern  District 

Hampton  or  Erwin 

Paine  Run  (Upper) 
Paine  Run  (Lower) 
Twomile  Run  (Upper)* 
Twomile  Run  (Lower) 

Central  District 

Pedlar  or  Old  Rag 

Hazel  River  (Upper) 
Hazel  River  (Lower) 
Staunton  River  (Upper) 
Staunton  River  (Lower) 
North  Pork  Dry  Run  (Upper)* 


Catoctin 


White  Oak  Canyon  Run  (Upper) 
White  Oak  Canyon  Run  (Lower) 
Hog  Camp  Branch  (Upper) 
Rose  River  (Lower) 


Northern  District 


Catoctin  and  Pedlar* 

Piney  River  (Upper)* 
Piney  River  (Lower) 

Catoctin,  Hampton,  and  Weverton* 
Jeremys  Run  (Upper)* 


Pedlar 


Lands  Run  (Upper)* 


The  "upper"  sites  on  Twomile  Run,  North 
Fork  Dry  Run,  and  Lands  Run  lie  at  an  elevation  below 
548.6  m  (1800  ft),  but  their  physical  characteristics 
more  resemble  the  other  upper  elevation  sites.  North 
Fork  Dry  Run  was  selected  for  a  stream  site  because 
of  the  comprehensive  studies  on  acid  deposition  being 
conducted  in  this  watershed.  The  upper  reaches  of 
Piney  River,  Jeremys  Run,  and  Lands  Run  do  not  have 
75%  of  their  watershed  contained  within  a  single 
geological  formation  category.  Upper  elevation  sites 
were  established  on  these  three  streams  because  of 
the  likelihood  of  gypsy  moth  defoliation. 

Site  Layout 

The  stream  sites  consist  of  100-m  longitudi- 
nal reaches,  which  are  marked  by  91 -cm  (36-inch) 
lengths  of  5-cm  (2-inch)  (i.d.)  PVC  pipe,  either  painted 
entirely  black  or  with  black  end  caps.  The  PVC  pipe  is 
secured  by  driving  a  1 02-cm  (40-inch)  length  of  sharp- 
ened 2-cm  (3/4-inch)  steel  rebar  into  the  ground, 
attaching  a  chain  link  to  the  rebar  with  a  hose  clamp, 
and  then  passing  a  1  x  9-cm  (1/4x3  1/2-inch) 
hexhead  bolt  through  the  pipe  and  chain  link  (Appen- 
dix III.B.1).  A  1-cm  (5/16-inch)  hole  is  drilled  30  cm 
(12-inches)  from  the  bottom  of  the  PVC  pipe  prior  to 
going  into  the  field  for  placement.  There  are  two 
markers  for  each  site,  one  at  the  upstream  boundary 
and  one  at  the  downstream  boundary.  Both  markers 
are  on  the  same  side  of  the  stream,  with  the  side  and 
distance  from  the  stream  varying  among  sites  in  order 
to  provide  the  most  protection  from  floods.  Specific 
locations  of  the  markers  at  each  of  the  sites  are 
included  with  the  detailed  descriptions  of  the  site 
locations  in  Appendix  III.A. 

Parameters 

This  section  lists  all  of  the  parameters  that  are 
included  in  the  LTEMS.  Also  included  are  brief  expla- 
nations of  the  parameters  and  their  utility  for  ecologi- 
cal monitoring  in  streams. 


Water  Quality 

Discharge.  Discharge  (or  streamflow)  is  the 
volume  of  water,  including  dissolved  and  mixed  sedi- 
ments or  solids,  moving  past  a  cross  section  of  stream 
per  unit  time  (Buchanan  and  Somers  1969).  Dis- 
charge and  the  associated  stream  morphology  affect 
the  distribution  of  both  fish  and  macroinvertebrates. 
Fish  and  macroinvertebrates,  because  of  their  diverse 
modes  of  existence  and  food  habits,  prefer  a  variety  of 
habitats  with  different  streamflows.  During  extreme 
conditions  of  flood  and  drought,  discharge  can  change 
the  stream  habitat  and  drastically  alter  the  entire 
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stream  morphology.  Streamflow  also  affects  water 
quality  by  diluting  or  concentrating  certain  parame- 
ters. Extensive  loss  of  vegetation  in  a  watershed,  such 
as  might  be  caused  by  fire  or  insect  damage,  will  lead 
to  changes  in  discharge. 

Temperature.  Temperature  is  the  degree  of 
hotness  or  coldness.  Temperature  can  be  both  a 
controlling  and  limiting  factor  in  the  aquatic  environ- 
ment (Warren  1 971 ).  The  growth  and  life  cycles  of  fish 
and  invertebrates  are  significantly  affected  by  tem- 
perature because  they  are  poikilothermic  (body  tem- 
perature follows  closely  the  temperature  of  the  water). 
Many  of  the  water  quality  parameters  are  also  affected 
by  temperature,  especially  dissolved  oxygen.  In  small 
mountain  streams,  the  temperature  is  usually  below 
20  °C,  except  perhaps  for  brief  periods  in  summer. 
Like  discharge,  water  temperature  can  be  affected  by 
watershed  disturbances.  Defoliation  of  the  canopy 
over  a  stream  by  gypsy  moths  could  affect  the  water 
temperature  by  allowing  more  sunlight  to  reach  the 
stream. 

Dissolved  Oxygen.  The  amount  of  oxygen 
dissolved  in  water,  which  is  supplied  by  the  atmos- 
phere and  photosynthetic  plants,  is  one  of  the  most 
fundamental  parameters  of  the  aquatic  environment 
because  oxygen  is  essential  for  all  aerobic  aquatic 
organisms.  Oxygen  levels  are  affected  by  tempera- 
ture; as  the  water  temperature  increases,  the  solubility 
of  oxygen  decreases.  Cool  mountain  streams  with 
abundant  riffles  usually  have  oxygen  concentrations 
at  saturation  throughout  the  year  (9-  14mg/L).  Other 
influences  on  dissolved  oxygen  are  altitude  and  aero- 
bic bacteria  of  decay  (Cole  1979). 

Hydrogen  Ion  Activity.  Hydrogen  ion  activ- 
ity is  the  concentration  of  hydrogen  ions  and  is  ex- 
pressed as  pH  (potentia  hydrogenii),  with  a  range  of  1  - 
14  (Cole  1979).  At  pH  7  the  molar  concentration  of 
hydrogen  is  neutral.  An  increase  in  hydrogen  results 
in  a  lowered  pH;  a  decrease  in  hydrogen  indicates  an 
alkaline  reaction  and  an  increase  in  pH.  Hydrogen  ion 
activity  is  dependent  on  alkalinity,  the  capacity  of  the 
aquatic  environment  to  neutralize  acid  (Feldman  and 
Conner  1985).  The  composition  and  abundance  of 
most  stream  biota  are  influenced  by  pH. 

Alkalinity.  Alkalinity,  or  buffering  capacity,  is 
an  index  of  the  ability  of  a  solution  to  neutralize  acid. 
Underlying  geological  formations  and  their  degree  of 
weathering  influence  alkalinty  (Cole  1979).  Alkalinity 
is  responsible  for  much  of  the  overall  chemical  envi- 
ronment because  it  is  a  major  variable  controlling  the 
form  and  concentration  of  many  ions  as  well  as  the 
hydrogen  ion  activity  (Feldman  and  Connor  1985). 
The  community  structure  of  macroinvertebrates  and 


fish  are  influenced  by  alkalinity,  with  the  usual  trend 
being  greaterabundance  and  diversity  in  streams  with 
high  alkalinity.  The  water  quality  criterion  for  alkalinity 
is  20  mg/L  or  more  for  the  protection  of  freshwater 
aquatic  life,  except  where  natural  concentrations  are 
less  (U.  S.  Environmental  Protection  Agency  1976). 

Conductivity.  This  parameter  is  a  measure 
of  the  resistance  of  a  solution  to  electrical  flow  (Wetzel 
1983).  Conductivity  is  indicative  of  the  total  ions  in 
solution;  therefore,  it  is  sometimes  considered  a  short- 
cut for  analyzing  total  dissolved  solids.  Conductivity 
is  a  good  indicator  of  a  variety  of  impacts  on  the 
aquatic  environment. 

Sulfate.  Sulfate  is  the  predominant  form  of 
sulfur  in  water  and  is  apparently  necessary  for  plant 
growth.  Sulfur  is  important  in  protein  metabolism  but 
is  supplied  to  organisms  originally  as  sulfate.  The 
mean  composition  of  sulfate  in  North  American  inland 
waters  is  15.31%  of  total  ions,  with  concentrations 
ranging  from  1  to  >  6000  mg/L  (Reid  and  Wood 
1976). 

Nitrate.  This  oxide  of  nitrogen  occurs  in  fresh 
waters  through  the  sources  of  precipitation,  surface 
and  groundwater  drainage,  and  fixation  in  both  water 
and  soil  (Wetzel  1 983) .  It  is  the  most  available  form  of 
nitrogen  and  is  therefore  very  important  for  plant 
growth  (Hynes  1970).  Pollution  from  sewage  and 
agricultural  fertilizers  can  lead  to  high  concentrations 
of  nitrogen  compounds  that  disrupt  the  balance  of 
aquatic  ecosystems.  Nitrate  averages  1.77%  of  the 
total  ions  found  in  North  American  inland  waters; 
concentrations  range  from  near  zero  to  9  mg/L  (Reid 
and  Wood  1976). 

Chloride.  Chloride  is  the  major  halide  of 
chlorine  stored  in  most  freshwater  algal  cells  (Cole 
1979).  The  atmosphere  and  geological  formations 
are  the  natural  sources  of  chloride.  Elevated  levels 
usually  indicate  a  source  of  pollution  such  as  sewage. 
On  the  average,  chloride  accounts  for  7.44%  of  total 
ions  in  North  American  inland  waters,  with  concentra- 
tions ranging  from  near  zero  to  >  5400  mg/L  (Reid 
and  Wood  1976). 

Calcium.  Implicated  in  numerous  ways  in 
the  growth  and  population  dynamics  of  freshwater 
flora  and  fauna,  calcium  is  considered  a  micronutrient 
and  varies  with  temperature,  pH,  and  substrate  com- 
position (Wetzel  1983,  Reid  and  Wood  1976).  Lime- 
stone streams  normally  have  high  concentrations  of 
calcium,  which  usually  mean  well  buffered  systems 
with  abundant  and  diverse  fauna  In  soft  water  streams, 
which  exist  on  igneous  rock,  calcium  levels  are  low 
and  the  fauna  is  usually  much  sparser.   The  mean 
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composition  of  calcium  in  North  American  inland 
waters  is  19.36%  of  total  ions,  with  concentrations 
ranging  from  near  zero  to  80  mg/L  (Reid  and  Wood 
1976). 

Magnesium.  Magnesium  and  calcium  react 
similarly  in  streams  although  magnesium  is  normally 
found  at  lower  concentrations  (Reid  and  Wood  1 976). 
Its  source  is  the  mineral  crust  of  the  earth,  and  the 
metabolic  demand  for  magnesium  is  generally  minor 
compared  to  its  availability  in  freshwater  (Wetzel  1983); 
however,  it  is  still  considered  an  important  cation  to 
the  freshwater  flora  and  fauna.  Magnesium  averages 
4.87%  of  total  ions  in  North  American  inland  waters; 
concentrations  range  from  nearzerotolO  mg/L  (Reid 
and  Wood  1976). 

Potassium  and  Sodium.  These  two  closely 
related  cations  occur  from  the  weathering  of  rock 
(Cole  1979).  Any  alteration  of  their  concentrations  in 
natural  waters  is  not  common  (Wetzel  1983).  Both 
potassium  and  sodium  are  important  in  algal  metabo- 
lism. The  mean  compositions  of  sodium  and  potas- 
sium in  North  American  inland  waters  are  7.46%  and 
1.77%  of  total  ions,  respectively;  their  combined 
concentrations  range  from  near  zero  to  1 3,0000  mg/ 
L  (Reid  and  Wood  1976). 

Silica.  Silica  is  one  of  the  major  forms  of 
silicon  that  occurs  in  freshwater.  It  occurs  from  the 
weathering  of  rocks  and  is  an  essential  nutrient  for 
diatoms,  which  use  it  in  construction  of  their  frustules 
(Cole  1979).  The  mean  composition  of  silica  in  North 
American  inland  waters  is  8.60%  of  total  ions(Reid  and 
Wood  1976). 

Seston.  Seston  is  the  particulate  matter  that 
is  suspended  in  water,  including  both  the  organic  and 
inorganic  material.  Organic  seston  is  utilized  for  food 
by  many  macroinvertebrates.  Collector-filterers,  or 
suspension  feeders,  filter  seston  from  the  water  col- 
umn, while  seston  that  has  settled  to  the  substrate  is 
utilized  by  the  collector-gatherers  (Merritt  and  Cum- 
mins 1 984).  Although  seston  has  a  positive  influence 
as  food,  excessive  levels  can  be  detrimental  because 
the  material  settles  on  the  firm  substrates  making 
them  unsuitable  for  attachment  by  many  macroin- 
vertebrates. Seston  is  affected  by  discharge,  stream 
morphology,  type  and  amount  of  riparian  vegetation, 
and  debris  retention  structures.  A  review  of  studies  in 
small  streams  indicated  that  the  annual  mean  for 
organic  seston  is  about  3  mg/L;  however,  during  the 
year  concentrations  of  organic  seston  may  range 
from  0.04  to  1 5.0  mg/L  (Webster  et  al.  1 979). 

Bacteria.  Fecal  streptococcus,  total  con- 
form, and  fecal  coliform  are  indications  of  the  levels  of 


animal  intestinal  organisms  present  in  the  water,  but 
also  include  nonenteric  (soil  born)  organisms  as  well. 
Ratios  of  these  bacteria  are  used  to  indicate  and 
distinguish  between  human  and  animal  pollution 
(American  Public  Health  Association  et  al.  1981). 

Habitat 

Depth.  Stream  depth  is  an  important  factor  in 
determiningtheamount  of  usable  habitatfor  macroin- 
vertebrates and  fish.  It  is  defined  as  the  height  of  the 
water  column  from  the  existing  surface  level  to  the 
channel  bottom  (Platts  et  al.  1983). 

Width.  The  different  communities  of  macro- 
invertebrates  and  fish  that  occur  within  watersheds 
appear  to  be  related  to  stream  width.  The  relationship 
is  probably  an  indirect  one,  with  wider  streams  having 
a  greater  diversity  of  microhabitats  and  warmer  tem- 
perature regimes.  Width  is  defined  as  the  horizontal 
distance  along  a  transect  line  from  shore  to  shore  at 
the  existing  water  level,  including  only  the  distance 
that  is  covered  with  water  (Platts  et  al.  1983). 

Substratum.  The  substratum  can  be  any 
organic  or  inorganic  materials  that  are  sufficiently 
stable  for  organisms  to  live  on  or  in.  In  SNP  streams 
the  substratum  consists  almost  entirely  of  mineral 
particles,  with  size  of  the  particles  being  the  most 
important  ecological  factor.  Benthic  macroinverte- 
brates are  dependent  upon  a  suitable  substratum  for 
attachment  sites,  hiding  places,  and  in  some  cases 
food  (periphyton).  Coarse  substrate  (boulders,  cobbles, 
pebbles)  that  lies  loosely  on  the  stream  bottom  pro- 
vides the  best  habitat  for  macroinvertebrates  because 
of  the  diversity  of  currents  and  pore  spaces  created. 
Gravel  is  important  for  the  spawning  of  some  stream 
fish. 

Riparian  Vegetation  Cover.  This  parameter 
refers  to  the  amount  of  shading  provided  by  the  tree 
canopy  (overstory)  and  also  the  amount  of  litterfall 
that  can  be  expected  to  be  deposited  in  the  stream. 
Small  mountain  streams  typically  have  a  dense  can- 
opy that  shades  the  channel  for  much  of  the  year.  The 
light  and  temperature  conditions  that  result  from  the 
shading  are  majorfactors  in  determining  the  commu- 
nities of  periphyton,  macroinvertebrates,  and  fish,  and 
the  leaf  input  during  autumn  is  the  major  source  of 
energy  for  the  ecosystem. 

Riparian  Vegetation  Type.  This  parameter 
reflects  the  type  of  vegetation  that  would  be  expected 
to  be  predominant  in  the  litterfall  as  well  as  the  amount. 
Macroinvertebrate  communities  in  small  mountain 
streams  are  adapted  for  an  energy  input  from  leaves, 
rather  than  grasses  and  forbs.  Trees  contribute  more 
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usable  litterfall  than  shrubs,  which  contribute  more 
than  grasses  and  forbs.  The  riparian  vegetation  type 
also  indicates  the  stability  of  the  banks.  The  heavy 
root  systems  of  trees  stabilize  banks  more  than  the 
lighter  root  systems  of  shrubs  or  grasses  and  forbs. 
Having  no  riparian  vegetation  along  small  streams 
would  be  indicative  of  perturbation. 

Debris  Retention.  This  parameter  is  an  indi- 
cation of  a  stream's  capacity  to  retain  litterfall  and 
prevent  its  downstream  transport.  Debris  retention 
structures  include  rock  outcrops,  boulders,  trees  rooted 
in  the  channel,  and  fallen  logs.  Higher  productivity  of 
macroinvertebrates  and  fish  would  be  expected  with 
more  debris  retention  structures.  In  addition,  debris 
retention  structures  are  usually  associated  with  fish 
cover  and  amount  of  pools  (see  below). 

Fish  Cover.  Fish  cover  is  considered  to  be 
the  places  where  1 5  to  20-cm  (6  to  8-inch)  brook  trout 
could  hide  without  being  visible  from  above.  Struc- 
tures that  provide  cover  are  large  rocks,  logs,  under- 
cut banks,  and  terrestrial  vegetation  that  bends  over 
into  the  water.  Cover  is  an  important  factor  in  evaluat- 
ing the  quality  of  habitat  for  fish,  with  greater  survival 
and  growth  being  positively  correlated  with  more 
cover. 

Pool-Riffle.  This  parameter  indicates  the 
relative  amount  of  pool  habitat  (deep,  still  water)  in 
comparison  to  the  amount  of  riffle  habitat  (shallow, 
flowing  water).  In  order  to  be  considered  a  pool,  the 
depth  should  be  sufficient  for  1 5  to  20-cm  (6  to  8-inch) 
brook  trout  to  reside  there.  Pool-riffle  is  another 
assessment  of  the  quality  of  the  habitat  for  fish,  be- 
cause some  important  species  (e.g.,  brook  trout)  are 
more  productive  when  there  are  ample  pool  areas. 
However,  benthic  macroinvertebrates,  which  are  a 
major  source  of  food,  are  more  productive  in  riffles, 
and  brook  trout  require  riffle  areas  for  spawning.  The 
optimum  pool-riffle  ratio  may  be  1  to  1  (50%  pool),  or 
slightly  higher. 

Biological 

Periphyton.  The  community  of  algae  that 
lives  attached  to  rocks  and  other  firm  substrates 
accounts  for  almost  of  the  primary  production  in  small 
mountain  streams.  Periphyton  comprises  an  impor- 
tant portion  of  the  diet  of  many  grazing  macroinverte- 
brates. Periphyton  may  also  provide  detritus  for 
collector  macroinverebrates  when  itdies.  The  amount 
of  chlorophyll  a  in  the  periphyton  is  indicative  of  the 
biomass  of  live  algae.  The  autotrophic  index  can  be 
used  to  determine  the  relative  amounts  of  live  algae  as 
compared  to  nonliving  detritus  attached  to  firm  sub- 
strates. Any  perturbation  that  changes  the  amount  of 


light  reaching  the  stream  (e.g.,  gypsy  moth  defolia- 
tion) would  cause  a  corresponding  change  in  periphyton 
biomass. 

Macroinvertebrates.  The  prefix  "macro" 
has  no  exact  definition.  Macroinvertebrates  are  gen- 
erally considered  to  be  those  worms,  molluscs,  and 
arthropods  that  are  large  enough  to  be  seen  with  the 
unaided  eye.  It  should  be  kept  in  mind  that  this 
delimitation  refers  to  the  mature  stages  of  those  or- 
ganisms; the  early  stages  of  some  macroinverte- 
brates can  only  be  seen  with  the  aid  of  a  stereomicro- 
scope  or  magnifier.  The  term  "benthic"  refers  to 
organisms  living  on  the  bottom  of  aquatic  environ- 
ments or  on  firm  substrates  protruding  above  the 
bottom.  The  benthic  community  contains  a  variety  of 
organisms;  however,  in  small  streams  like  those  in  the 
SNP,  most  of  the  community  members  are  the  imma- 
ture stages  (nymphs  and  larvae)  of  insects.  All  of  the 
so-called  "aquatic"  insectsactuallyleavethewaterfor 
a  terrestrial  adult  stage,  during  which  reproduction 
takes  place. 

Benthic  macroinvertebrates  are  commonly 
used  for  ecological  monitoring  for  several  reasons 
(Voshell  et  al.  1989).  They  are  abundant  in  almost  all 
freshwater  environments.  Sedentary  habits  and 
comparatively  large  size,  in  combination  with  abun- 
dance, make  them  relatively  easy  to  collect.  Most  can 
now  be  identified  reliably  to  genus  with  comprehen- 
sive taxonomic  works  that  have  become  available 
(e.g.,  Pennak  1978,  Brigham  et  al.  1982,  Merritt  and 
Cummins  1 984).  The  benthic  macroinvertebrates  that 
exist  in  a  given  area  are  indicative  of  the  environmental 
conditions  that  have  occurred  for  at  least  several 
months  previously  because  their  life  cycles  last  from 
several  months  to  a  year  or  more.  Taken  as  a  group, 
benthic  macroinvertebrates  have  diverse  habitat  and 
food  preferences,  but  many  individual  taxa  have  nar- 
rowly defined  niches.  Therefore,  it  is  likely  that  some 
taxa  will  demonstrate  a  change  in  response  to  any 
perturbation  that  might  take  place.  Activities  of  ben- 
thic macroinvertebrates  affect  major  ecological  proc- 
esses of  freshwater  ecosystems.  These  significant 
activities  include  grazing  on  primary  producers,  de- 
composing organic  matter,  preying  on  smaller  inver- 
tebrates, temporarily  storing  materials  (spiralling),  and 
providing  food  for  fish. 

Three  types  of  macroinvertebrate  samples 
are  taken  at  each  stream  site:  quantitative  benthic, 
qualitative  benthic,  and  aerial.  The  quantitative  ben- 
thic samples  are  the  mainstay  of  the  macroinverte- 
brate monitoring  program.  The  data  from  those  samples 
can  be  used  to  make  statistical  comparisons  among 
streams  and  over  time.  Benthic  macroinvertebrates 
are  microhabitat  specialists,  and  quantitative  sam- 


pling  devices  cannot  be  placed  in  some  of  the  mi- 
crohabitats  that  occur  in  streams.  Therefore,  qualita- 
tive benthic  samples  are  also  taken  to  determine  at 
least  the  presence  or  absence  of  taxa  in  those  loca- 
tions so  that  the  taxa  lists  for  each  stream  site  will  be 
comprehensive.  The  aerial  samples,  which  are  also 
qualitative,  are  taken  to  capture  the  adult  stages  of  the 
insects  that  are  aquatic  as  immatures.  Aerial  sampling 
of  adults  is  done  for  two  reasons:  (1)  adult  specimens 
can  usually  be  identified  to  the  species  level,  whereas 
immature  specimens  can  be  identified  usually  only  to 
genus;  and  (2)  the  taxa  lists  for  the  sites  will  be  more 
comprehensive  because  the  immature  aquatic  stages 
might  be  missed  or  be  absent  as  a  result  of  a  recent 
emergence. 

Sampling  Frequency 

The  LTEMS  was  designed  to  store  and  ana- 
lyze data  according  to  quarters  of  years,  defined  as 
spring  (April,  May,  June),  summer  (July,  August, 
September),  fall  (October,  November,  December), 
and  winter  (January,  February,  March).  Because  of 
the  effort  required,  it  is  likely  that  it  will  be  possible  only 
to  sample  in  one  or  two  quarters  consistently.  If  this  is 
the  case  then  the  spring  and  summer  quarters  should 
be  emphasized,  in  that  order.  The  spring  fauna  is  the 
most  abundant  and  diverse  in  mountain  streams  such 
as  those  in  the  SNP,  and  this  is  the  time  of  year  when 
most  taxa  can  be  collected  in  both  immature  and  adult 
stages  to  facilitate  taxonomic  identifications.  Early 
stages  of  some  of  the  summer  fauna  are  also  present 
in  the  spring.  Highest  flows  usually  occur  in  spring, 
diluting  dissolved  substances  and  increasing  concen- 
trations of  suspended  matter.  The  low  flows  of  sum- 
mer offer  the  greatest  likelihood  of  degraded  water 
quality,  especially  lower  concentrations  of  dissolved 
oxygen  caused  by  higher  water  temperatures.  Lower 
flows  during  summer  can  also  cause  significant  re- 
ductions in  the  amount  of  habitat  that  is  usable  by  the 
biota.  Therefore,  summer  sampling  will  probably 
reflect  "worst  case"  conditions. 

Within  any  quarter  all  stream  sites  should  be 
sampled  as  close  in  time  as  possible  in  order  to 
reduce  variability  caused  by  the  rapidly  changing  life 
cycles  of  the  aquatic  insect  fauna.  It  would  be  ideal  if 
all  sites  could  be  sampled  within  2  wks,  butthetimefor 
sampling  all  sites  should  not  exceed  4  wks.  Sampling 
for  the  spring  and  summer  quarters  should  be  con- 
centrated in  the  months  of  May  and  August,  respec- 
tively. 


FIELD  SAMPLES  AND 
MEASUREMENTS 

General  Information 

Effort 

This  section  describes  the  methodsforthe  para- 
meters that  can  be  measured  in  the  field  and  for  taking 
samples  of  those  parameters  that  require  final  analy- 
sis in  the  laboratory.  It  takes  two  persons  approxi- 
mately 4  hrs  to  complete  these  procedures  at  each 
stream  site,  excluding  hiking  time. 

Preliminary  Tasks 

Before  leaving  the  vehicle  the  stream  site 
code,  date,  and  names  of  the  persons  doing  the  field 
work  should  be  entered  on  the  Field  Records,  Dis- 
charge Measurement,  and  Habitat  Measurements 
sheets  (Appendices  III.C.1 ,  III.C.2,  and  III.C.3,  respec- 
tively). The  sample  bottles  for  water  quality,  bacteria, 
and  periphyton  should  be  numbered  or  otherwise 
labeled  externally  and  entered  on  the  Field  Records 
sheet.  The  labels  for  all  macroinvertebrate  samples 
should  be  made  ready  to  drop  in  the  containers 
immediately  after  collection.  The  composition  of  these 
labels  and  the  writing  upon  them  should  be  sufficient 
to  withstand  the  effects  of  the  preservatives  in  which 
they  will  be  placed  (alcohol  or  formaldehyde).  A 
particularly  effective  labeling  technique  is  to  use  one 
of  the  devices  that  embosses  self-sticking  plastic 
tape,  and  then  drop  the  strips  of  plastic  tape  into  the 
samples  without  exposing  the  adhesive  backing.  Using 
bright  colors  of  plastic  tape  makes  the  labels  easier  to 
find  in  the  samples.  A  less  effective  alternative  is  to  use 
paper  with  at  least  50%  rag  content  and  to  write  with 
#2  pencil  or  India  ink.  If  electronic  instruments  (pH, 
conductivity,  dissolved  oxygen)  are  going  to  used 
later  at  the  vehicle  rather  than  in  situ,  those  instru- 
ments should  be  prepared  for  use  when  the  samples 
are  returned.  Two  backpacks  (one  bare  frame  and 
one  with  bag)  are  required  to  transport  the  apparatus 
to  the  stream.  A  checklist  of  the  equipment  that  must 
be  carried  is  found  in  Appendix  III.C.1 6. 

Sampling  Sequence 

Upon  reaching  the  stream  sites,  it  is  impor- 
tant to  follow  a  protocol  designed  so  that  the  distur- 
bance caused  by  some  activities  does  not  affect  any 
samples  or  measurements  that  follow.  All  bottles  for 
water  quality  and  bacteria  samples  should  be  filled 
and  instrument  readings  taken  before  any  distur- 
bance of  the  stream  bottom.  The  temperature  reading 
should  be  taken  at  this  time  also.  The  1 00-m  tape  for 


marking  transects  at  10-m  intervals  can  be  placed 
along  the  center  of  the  stream  channel  at  any  time 
after  the  water  quality  and  bacteria  samples  are  taken, 
but  care  should  still  be  taken  not  to  disturb  the  bottom 
any  more  than  necessary  while  traversing  the  length 
ofthesite.  Next,  the  discharge  is  measured  below  the 
site,  then  the  periphyton  and  macroinvertebrates  are 
sampled,  always  moving  progressivley  upstream.  The 
discharge  measurement  and  the  quantitative  benthic 
macroinvertebrate  samples  require  both  persons,  but 
an  effective  division  of  labor  after  that  isfor  one  person 
to  take  the  periphyton  and  qualitative  benthic  macro- 
invertebrates  samples  while  the  other  person  takes 
the  aerial  samples  of  adult  insects.  The  final  measure- 
ments involve  the  habitat  parameters,  and  these  re- 
quire both  persons.  Habitat  measurements  can  be 
made  by  proceeding  in  either  direction  in  the  stream, 
and  there  is  no  concern  about  disturbing  the  bottom 
because  there  is  no  further  sampling  at  the  site. 

Upon  return  to  the  vehicle,  water  quality  and 
periphyton  samples  that  require  later  analysis  in  the 
laboratory  should  be  packed  on  ice,  water  quality 
measurements  with  electronic  instruments  should  be 
completed  (pH,  conductivity,  dissolved  oxygen)  if 
they  were  not  done  at  the  stream,  and  macroinverte- 
brate samples  should  be  preserved. 

Equipment 


measurements  of  temperature,  pH,  conductivity,  or 
dissolved  oxygen.  After  all  bottles  have  been  filled, 
leave  them  in  shallow  water  in  a  shaded  area  of  the 
stream  while  the  remaining  samples  and  measure- 
ments are  being  taken. 

A  summary  of  how  measurements  should  be 
made  or  samples  collected  is  given  below.  There  are 
many  alternatives  for  water  sample  containers.  Be- 
cause the  SNP  will  be  contracting  some  of  the  water 
quality  analyses,  other  laboratories  may  have  individ- 
ual preferences  that  would  also  be  acceptable. 


Temperature,  pH, 
conductivity, 
dissolved  oxygen 

Alkalinity,  pH, 
conductivity, 
nitrate,  sulfate, 
calcium,  magnesium, 
chloride,  sodium, 
potassium,  silica 

Seston 


Bacteria 


Electronic 
instruments 
or  kits 

1-Ldark  plastic 
bottle 


1-Ldark  plastic 
bottle 

1-L  plastic  bottle, 
autoclaved 


A  list  of  all  equipment  needed  for  the  field  and 
laboratory  procedures  is  provided  in  Appendix  1 1 1 .  B.2. 

Water  Quality 

Physical/Chemical  and  Bacteria 

Samples  should  be  collected  before  disturb- 
ing the  stream  in  any  manner.  Try  to  fill  bottles  without 
entering  the  stream.  Collect  samples  in  moving  water 
where  there  is  no  accumulation  of  debris  on  the 
surface  and  no  indication  of  stagnation,  but  do  not 
sample  in  an  area  where  the  current  is  so  swift  that 
splashing  occurs.  If  it  is  necesssary  to  enter  the 
stream  to  find  a  suitable  area,  then  stand  still  and 
reach  as  far  upstream  as  possible  when  filling  the 
bottles.  Special  care  should  betaken  when  collecting 
the  water  samples  to  be  used  for  measurements  of 
bacteria.  When  filling  the  bottle,  it  is  necessary  to 
avoid  contamination  from  the  person  taking  the  sample. 
This  is  best  accomplished  by  holding  the  bottle  near 
its  bottom  and  slanting  it  slightly  in  the  upstream 
direction  when  filling.  When  measuring  temperature, 
avoid  standing  water  and  sunny  spots  because  these 
might  be  atypical  areas  with  slightly  elevated  tempera- 
tures. These  guidelines  also  apply  to  the  use  of 
electronic  instruments,  which  may  be  used  for  in  situ 


Temperature 
(Optional) 


Long-stem 
thermometer 


When  taking  field  measurements  with  elec- 
tronic instruments  or  kits,  it  is  sometimes  difficult  to 
know  if  the  equipment  is  functioning  properly.  There- 
fore, it  may  be  useful  to  be  familiar  with  the  ranges  that 
have  been  recorded  in  the  SNP  for  the  water  quality 
parameters  that  will  be  measured  in  the  field: 


Temperature  (°C) 

0.0-22.0 

pH 

4.95  -  7.39 

Conductivity  (umhos) 

10-93 

Dissolved  oxygen  (mg/L) 

5.6-10.9 

Immediately  upon  returning  to  the  vehicle,  all 
of  the  water  quality  samples  should  be  packed  on  ice 
in  a  cooler. 

Discharge 

Discharge  should  be  measured  by  the  six- 
tenths-depth  method  as  recommended  by  the  U.  S. 
Geological  Survey  (Buchanan  and  Somers  1 969)  and 
the  U.  S.  Forest  Service  (Platts  et  al.  1983).  Methods 
are  described  in  detail  in  the  preceding  publications. 
The  principle  is  that  depth  and  current  velocity  are 
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measured  at  frequent  intervals  along  a  transect,  the 
discharge  is  calculated  for  each  individual  section 
along  the  transect,  then  the  total  discharge  of  the 
stream  is  calculated  by  summing  the  discharges  from 
all  of  the  individual  sections.  Discharge  should  be 
measured  below  the  site  at  the  closest  suitable  loca- 
tion. Either  a  mechanical  or  electronic  current  meter 
(e.g.,  Scientific  Instruments  Model  1205  or  Marsh- 
McBimey  Model  201,  respectively)  can  be  used  to 
make  the  velocity  measurements  (see  equipment  list 
in  Appendix  III.B.2).  A  separate  data  sheet  is  used  to 
record  the  measurements  in  the  field  and  to  facilitate 
the  discharge  calculations  (Appendix  III.C.2).  After 
selecting  a  suitable  location,  consisting  of  a  stable,  flat 
streambed  with  the  threads  of  velocity  parallel  to  each 
other,  the  transect  is  established  by  stretching  a  tag 
line  across  the  stream  at  right  angles  to  the  direction 
of  flow.  "Tag  line"  is  the  term  used  by  hydrologists  for 
a  small-diameter  cord  marked  with  appropriate  inter- 
vals to  indicate  distances  when  measuring  discharge. 
The  tag  line  can  be  secured  by  small  metal  rods  or 
surveyor's  pins  driven  into  the  streambank.  Because 
discharge  is  measured  outside  of  the  stream  site, 
rocks  or  debris  can  be  moved  to  improve  flow  and 
streambed  profile. 

Usingthetag  line,  determinethe  stream  width 
to  the  nearest  0.1  m  and  record  on  the  data  sheet.  The 
depth  and  current  velocity  must  now  be  measured  at 
frequent  intervals  along  the  transect  that  is  demar- 
cated by  the  tag  line.  This  can  be  done  from  either  side 
of  the  stream.  The  initial  reference  point  for  distance 
along  the  transect  is  where  the  tag  line  is  secured  to 
the  pin.  Beginning  at  one  edge  of  the  stream  and 
proceeding  at  intervals  of  0.1  -  0.3  m,  measure  and 
record  the  distance  from  the  initial  point  (nearest  0.1 
m),  depth  (nearest  0.01  m),  and  current  velocity  (di- 
rect reading  from  an  electronic  instrument  or  revolu- 
tions and  seconds  from  a  mechanical  instrument).  At 
both  stream  edges  the  depth  and  velocity  will  nor- 
mally be  zero.  The  number  of  recordings  across  the 
tag  line  varies  with  stream  morphology,  but  as  a 
general  rule  the  narrower  the  stream  (typically  the 
upper  sites)  the  smaller  the  recording  intervals  (0.1 
m),  and  the  wider  the  stream  (typically  the  lower  sites) 
the  larger  the  intervals  (0.3  m).  When  the  bottom  and 
current  are  irregular,  recordings  should  not  necessar- 
ily be  made  at  regular  intervals.  Where  current  is 
visibly  different  over  a  short  distance,  recordings  should 
deliberately  be  taken  in  the  fastest  and  slowest  water. 
Where  rocks  protrude  sharply  from  the  channel  bot- 
tom, recordings  should  be  made  at  the  apex  and  close 
to  the  base.  According  to  the  six-tenths-depth  method, 
the  meter  should  be  placed  at  six-tenths  of  the  depth 
below  the  surface  or  four-tenths  of  the  depth  above 
the  stream  bottom. 


SNP  personnel  use  a  Marsh-McBirney  Model 
201  electronic  flow  meter  with  a  top-setting  wading 
rod  for  measuring  velocity.  The  following  instructions 
apply  to  the  use  of  that  particular  instrument.  Attach 
the  sensor  to  the  wading  rod,  being  careful  not  to 
overtighten  the  thumbscrew.  Immerse  the  sensor  in 
the  water  and  turn  the  selector  switch  to  "CAL"  to 
check  for  electronic  failure  or  low  batteries.  The 
readout  should  fall  between  9.8  and  1 0.2  if  everything 
is  functioning  properly.  To  set  the  sensor  at  six-tenths 
depth,  the  sliding  decimeter  scale  should  be  lined  up 
with  the  centimeter  scale  on  the  top-setting  wading 
rod.  For  example,  if  the  measured  depth  was  52  cm, 
line  up  the  5  on  the  sliding  scale  with  the  2  on  the  centi- 
meter scale.  This  will  set  the  sensor  at  six-tenths 
depth.  To  get  a  velocity  reading,  set  the  selector 
switch  on  "M/sec."  To  help  stabilizethe  readings,  use 
the  time  constant  switch.  A  time  delay  amounting  to 
the  switch  setting  multiplied  by  5  sec  occurs  before 
the  first  full  scale  reading  is  reached.  For  example,  if 
the  time  constant  is  set  on  6,  the  first  reading  is 
reached  at  30  sec.  It  is  recommended  by  the  manu- 
facturer that  readings  be  attempted  at  the  smallest 
time  constant  first.  If  the  readings  do  not  stabilize 
adequately  after  the  required  time  delay,  then  turn  the 
time  constant  to  the  next  highest  number  and  try 
again. 


Biological 


Periphyton 


A  quantitative  measurement  can  be  made  by 
scraping  the  periphyton  from  a  known  area  of  sub- 
strate. Four  samples  should  be  taken  from  each 
stream  site  by  a  stratified  random  design.  (See  the 
next  section,  Macroinvertebrates  -  Quantitative  Ben- 
thic,  for  an  explanation  of  stratified  random  design.) 
One  sample  should  be  taken  from  each  of  four  cobble- 
size  rocks  selected  from  different  segments  of  the  site. 
The  rocks  must  be  of  suitable  shape  and  texture  for 
attaching  the  bar-clamp  sampler  (Appendix  III.B.3). 
The  thickness  of  the  rock  cannot  exceed  the  maxi- 
mum opening  of  the  bar-clamp  sampler  (1 1  cm),  and 
the  surface  must  be  reasonably  flat  and  smooth  in 
order  for  the  rubber  gasket  to  seal  properly.  Also,  do 
not  choose  rocks  that  are  covered  with  obvious  sedi- 
mentary materials;  this  can  usually  be  avoided  by 
selecting  rocks  from  shallow  riffle  areas. 

Attach  the  bar-clamp  sampler  securely  to  the 
rock,  making  sure  of  the  seal  by  visual  examination. 
Clean  the  entire  area  of  the  rock  contained  within  the 
sampler  with  an  acid  etching  brush.  Move  the  brush 
firmly  but  slowly  in  all  directions,  being  careful  not  to 
let  any  material  "spring"  off  the  brush.  Rinse  the 
inside  of  the  sampler  and  the  brush  with  distilled  water 


from  a  squeeze  bottle,  making  sure  that  no  water 
leaves  the  sampler.  The  rinse  water  containing  the 
periphyton  in  the  sampler  isthen  removed  with  an  eye 
dropper  and  placed  in  a  60-ml  dark  plastic  bottle. 
Repeat  the  procedure  as  necessary.  The  rock  surface 
should  appear  clean  (different  color)  when  the 
periphyton  has  been  satisfactorily  removed. 

Keep  the  periphyton  sample  cool  at  the  stream 
by  placing  the  bottle  in  shallow  water  at  a  shady  spot, 
and  packthe  sample  on  ice  in  a  cooler  upon  returning 
to  the  vehicle. 

An  alternative  to  sampling  periphyton  on  natural 
substrates  such  as  rocks  is  to  use  artificial  substrates, 
which  are  usually  standard  25  x  75-mm  glass  micro- 
scope slides.  Afloating  rack  constructed  of  clear  vinyl 
plastic  and  styrofoam  is  commonly  used  to  hold  the 
slides  (American  Public  Health  Association  et  al.  1981). 
The  periphyton  from  measured  areas  of  each  of  sev- 
eral slides  is  scraped  into  dark  plastic  bottles.  A  major 
disadvantage  of  using  this  method  is  that  it  requires 
two  visits:  one  to  place  the  samplers  and  one  to 
retrieve  them  several  weeks  later.  In  addition,  the 
glass  slides  do  not  collect  the  same  community  of 
algae  as  the  rock  substratum.  Sampling  natural  sub- 
strates may  be  preferable  for  the  LTEMS  because  the 
primary  interest  is  how  much  periphyton  biomass, 
either  alive  or  as  detritus,  is  available  to  consumers. 

Macroinvertebrates 

The  LTEMS  includes  three  types  of  macroin- 
vertebrate  sampling:  quantitative  benthic,  qualitative 
benthic,  and  aerial.  It  is  essential  to  collect  both  types 
of  benthic  samples  consistently.  Aerial  sampling  of 
adult  aquatic  insects  is  optional.  The  main  purpose  of 
collecting  adult  specimens  is  to  obtain  species  level 
identifications,  but  the  identifications  can  be  done 
only  by  specialists  in  systematics. 

Quantitative  Benthic.  The  sampling  devices 
that  are  recommended  for  the  LTEMS  are  the  Portable 
Invertebrate  Box  Sampler  (PIBS)  or  the  Surber  Sam- 
pler (Appendix  III.B.4).  Although  there  are  many 
different  types  of  quantitative  samplers,  the  PIBS  is  the 
best  device  for  macroinvertebrates  in  rocky-bottomed 
streams  (Voshell  et  al.  1989).  The  foam-lined  bottom 
establishes  a  thorough  seal  by  taking  the  shape  of  the 
bottom;  therefore,  the  PIBS  is  effective  on  irregular 
cobble  substratum  as  well  as  pebbles  and  gravels.  In 
addition,  the  PIBS  is  completely  enclosed,  with  wire 
mesh  on  the  front  side  and  solid  side  walls,  so  organ- 
isms cannot  escape  while  sampling  is  in  progress. 
The  square  shape  and  the  edges  at  the  bottom  make 
it  easy  to  attach  to  a  backpack  frame  for  transporting 
to  remote  areas.  If  the  PIBS  is  attached  to  the  back- 


pack frame  so  that  the  catch  net  is  up,  the  net  can  be 
inverted  toward  the  wire  mesh  and  used  to  carry  gear. 
The  Surber  Sampler  is  not  as  effective  at  preventing 
organisms  from  escaping  during  sampling  because  it 
is  not  completely  enclosed  and  does  not  fit  closely  to 
irregular  substratum.  The  Surber  Sampler  should 
only  be  used  when  the  water  is  not  deep  enough  to 
use  the  PIBS.  Do  not  use  two  different  devices  at  a 
stream  site  on  the  same  occasion.  Both  sampling 
devices  should  be  outfitted  with  350-um  mesh  catch 
nets.  This  mesh  size  has  been  shown  to  be  fine 
enough  to  retain  most  organisms,  yet  not  so  fine  that 
stream  currents  will  cause  a  backwash  out  of  the  net. 
Coarser  mesh  nets  (>  500  urn)  do  not  retain  many  of 
the  small  macroinvertebrates,  most  notablythe  abun- 
dant Chironomidae  (Insecta:  Diptera)  (Voshell  et  al. 
1989). 

Quantitative  benthic  sampling  cannot  be 
completely  random  in  rocky-bottom  streams,  such  as 
those  in  the  SNP.  The  physical  placement  of  the 
sampling  device  is  restricted  by  factors  such  as  size 
and  shape  of  the  substratum,  current  velocity,  depth 
of  water,  and  in  some  cases,  even  the  width  of  the 
channels  containing  water.  For  these  reasons,  sam- 
pling in  rocky-bottomed  streams  is  usually  designed 
as  "stratified  random,"  meaning  that  samples  are 
always  taken  in  the  same  habitat  or  "stratum."  Forthe 
LTEMS  the  sampling  stratum  should  be  shallow  riffles 
where  the  substratum  consists  predominantly  of  cobble 
and  pebble/gravel.  The  sampler  should  be  placed  in 
areas  where  the  depth  and  current  are  sufficient  to 
wash  dislodged  organisms  into  the  catch  net  but  not 
so  deep  that  the  sampler  is  completely  submersed. 
The  substratum  where  the  sampler  is  placed  should 
not  be  so  irregular  that  the  sampler  will  not  seal 
against  the  stream  bottom.  The  area  of  stream  bottom 
enclosed  by  the  sampler  should  contain  a  mixture  of 
substrate,  consisting  mostly  of  cobbles,  some  pebble/ 
gravel,  and  a  little  underlying  sand.  (See  the  section 
on  Habitat  and  Appendix  III.C.7  for  an  explanation  of 
substratum  categories.)  Homogeneous  areas  of  small 
gravel  and  sand  should  be  avoided  because  the  diver- 
sity and  abundance  of  macroinvertebrates  will  be  very 
low. 

Three  quantitative  samples  should  be  taken 
at  each  stream  site.  Take  the  samples  in  different 
segments  of  the  site,  always  beginning  downstream 
and  walking  upstream  to  find  the  next  suitable  sam- 
pling area.  Benthic  macroinvertebrates  are  motile, 
and  measurementsoftheirabundancewill  beaffected 
by  walking  through  areas  to  be  sampled.  Spread  the 
samples  out  as  much  as  possible  within  the  site,  but 
when  suitable  benthic  habitats  are  scarce  take  the 
samples  wherever  depth,  flow,  and  substratum  are 
optimum.   After  placing  the  sampler  on  the  bottom, 


check  to  make  sure  that  there  is  a  good  seal.  The  best 
position  for  the  person  taking  the  sample  is  to  kneel 
behind  the  sampler  with  the  catch  net  passing  be- 
tween the  legs  and  the  knees  on  the  edges  of  the 
device;  alternatively,  the  person  can  sit  on  the  box 
(Appendix  III.B.4).  With  either  position  the  weight  of 
the  person  taking  the  sample  pushes  the  PIBS  tightly 
against  the  substratum.  If  it  is  difficult  to  establish  a 
good  seal,  the  second  person  can  assist  by  standing 
on  the  PIBS  at  the  appropriate  place.  The  instruments 
that  will  be  needed  for  sampling  are  a  vegetable  brush, 
a  small  hand  rake,  and  forceps.  Brush  each  individual 
rock  on  all  sides,  so  that  the  organisms  will  be  dis- 
lodged and  swept  into  the  catch  net.  This  is  best  done 
by  holding  the  rocks  underwater  to  make  sure  that  no 
organisms  are  thrown  out  of  the  sampler.  Each  rock 
should  also  be  visually  examined  at  close  range, 
because  many  aquatic  insects  have  special  means  of 
attaching  themselves  very  tightly  to  rock  surfaces. 
Use  forceps  to  remove  any  organisms  found  clinging 
after  brushing.  It  is  more  efficient  if  a  second  person 
examines  the  individual  rocks  and  removes  the  firmly 
attached  organisms.  After  all  of  the  larger  rocks  have 
been  brushed,  examined,  and  removed,  rake  the 
remaining  fine  substrate  to  stir  up  the  sediment  inhab- 
iting organisms.  Try  to  rake  down  to  a  depth  of  about 
10  cm.  After  raking,  remove  the  catch  net  from  the 
PIBS,  or  pick  up  the  sampler  in  the  case  of  the  Surber. 
The  catch  net  should  be  washed  several  times  to 
concentrate  the  contents  into  the  end.  This  is  best 
accomplished  by  taking  the  net  to  a  nearby  pool  area. 
The  mouth  of  the  net  is  briefly  submersed  and  then 
raised  rapidly.  The  contents  of  the  sample  are  placed 
into  a  storage  container  by  inverting  the  net,  pushing 
an  arm  into  the  net,  and  gently  tapping  the  apex  from 
the  inside.  It  is  usually  necessary  to  reverse  and 
rewash  the  net  several  times  to  get  all  of  the  contents 
into  the  container.  The  appropriate  label  should  be 
placed  in  the  container  immediately.  Completely 
invert  the  catch  net  and  backwash  it  before  proceed- 
ing to  take  the  next  sample. 

Any  container  that  is  a  practical  size  and 
leakproof  will  suffice  for  storing  benthic  macroinverte- 
brate  samples.  Wide-mouth  plastic  jars  are  good 
because  they  do  not  break,  but  glass  canning  jars  are 
also  commonly  used.  A  technique  that  has  been  used 
successfully  in  the  Aquatic  Entomology  Program  at 
VPI&SU  for  over  a  decade  is  to  place  the  samples  in 
small  plastic  trash  bags  that  measure  23  x  20  x  46  cm 
(9x8x18  inches)  and  hold  a  volume  of  15  L  (4  gal). 
These  bags  are  available  in  grocery  stores.  They  can 
be  doubled  if  there  is  concern  about  the  contents  of  a 
sample  making  punctures  (e.g.,  sticks).  When  the 
samples  are  first  collected  the  plastic  bags  are  tied 
loosely  to  contain  the  material,  then  upon  returning  to 
the  vehicle,  they  are  reopened,  preservative  is  added, 


and  the  bags  tied  tightly.  All  of  the  bags  containing 
separate  samples  from  one  stream  site  are  placed  in 
a  2.5-L  plastic  bucket  with  a  snap-top  lid  (such  as  the 
ones  used  for  cottage  cheese).  The  appropriate 
labeling  code  should  be  written  on  the  outside  of  the 
plastic  bucket  with  a  wax  pencil. 

There  are  several  choices  of  fluids  that  can  be 
used  to  preserve  macroinvertebrates;  formaldehyde, 
ethanol,  and  isopropanol  are  most  commonly  used. 
Benthic  samples,  which  contain  much  bacteria-laden 
detritus  and  bottom  sediment,  are  more  difficult  to 
preserve  than  separate  organisms.  Formaldehyde  is 
the  most  effective  preservative  for  benthic  samples, 
but  it  must  be  used  with  caution  because  of  human- 
health  risks.  If  formaldehyde  is  used,  the  concentra- 
tion should  be  5%  of  the  standard  stock  solution  that 
is  called  formalin.  Formalin  contains  37%  formalde- 
hyde, so  the  concentration  of  formaldehyde  in  the 
preservative  is  a  little  less  than  2%.  The  material  in  the 
sample  only  needs  to  be  covered  with  the  5%  formalin 
solution;  it  is  not  necessary  to  fill  the  sample  container. 
Both  ethanol  and  isopropanol  are  adequate  substi- 
tutes for  formaldehyde,  and  there  is  little  difference 
between  the  two  alcohols.  Macroinvertebrates  are 
best  preserved  with  a  70%  solution  of  alcohol.  More 
concentrated  solutions  make  the  specimens  brittle 
and  difficult  to  identify,  while  lower  concentrations  will 
not  adequately  retard  decomposition  by  bacteria  in 
the  detritus  and  bottom  sediment.  Because  benthic 
samples  will  retain  some  water  and  the  live  organisms 
contained  in  the  sample  have  a  great  deal  of  water  in 
their  bodies,  special  attention  must  be  given  to  dilu- 
tion when  preserving  with  alcohol.  A  70%  effective 
concentration  can  be  approximated  in  the  field  by 
generously  covering  the  material  in  samples  with 
undiluted  alcohol. 

Qualitative  Benthic.  These  samples  are  taken 
with  a  D-frame  dip  (or  kick)  net.  The  major  objective 
is  to  obtain  specimens  from  the  many  microhabitats 
that  cannot  be  sampled  with  the  quantitative  device. 
Examples  of  these  other  microhabitats  include  leaf 
packs,  surfaces  of  large  rocks  or  logs,  underneath 
large  rocks  or  logs,  exposed  roots  at  the  margins,  and 
vegetation  (either  aquatic  or  terrestrial)  hanging  into 
the  water  (Appendix  III.B.5).  The  investigators  should 
use  their  powers  of  observation  (and  imagination)  to 
find  as  many  places  as  possible  where  macroinverte- 
brates might  reside.  It  is  usually  best  to  dislodge  the 
organisms  with  the  hands  and  let  them  wash  into  the 
net.  It  is  sometimes  necessary  to  move  objects  with 
the  feet,  but  this  should  be  avoided  usually  because 
the  specimens  are  often  damaged.  The  net  should  be 
emptied  at  frequent  intervals  (at  least  after  each  mi- 
crohabitat),  combining  all  material  into  a  single  con- 
tainer. It  is  not  necessary  to  retain  all  material  in  the 
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net  since  this  is  a  qualitative  sample.  It  is  difficult  to 
state  how  much  qualitative  sampling  is  "enough"  to 
achieve  the  goal  of  obtaining  a  complete  taxa  list.  Try 
to  sample  each  noticeable  microhabitat,  and  try  to 
expend  equal  effort  among  stream  sites.  The  qualita- 
tive benthic  samples  are  preserved  in  the  same  man- 
ner as  the  quantitative  ones. 

Aerial.  The  qualitative  sample  of  emergent 
adult  insects  is  obtained  with  an  aerial  net  (Appendix 
III.B.6).  One  investigator  should  walk  the  entire  site 
one  time  in  one  direction,  while  alternately  sweeping 
both  banks  of  the  stream.  Sweep  the  riparian  vegeta- 
tion with  the  net  and  periodically  examine  the  con- 
tents. Sample  different  types  of  vegetation  and  differ- 
ent distances  above  the  ground.  The  most  effective 
use  of  the  net  is  to  sweep  the  tips  of  the  vegetation  or 
to  bring  the  net  up  under  branches  and  tap  them. 
Sometimes  flying  insects  will  be  observed  and  can  be 
captured  in  flight.  Captured  insects  can  be  retained 
while  the  investigator  is  walking  by  looping  the  net 
sideways  overthe  rim.  Periodically  the  contents  of  the 
net  should  be  examined  and  the  insects  removed 
individually  with  forceps.  The  specimens  are  placed  in 
a  small  jar  (2  oz  is  convenient)  containing  70%  alco- 
hol, along  with  the  appropriate  label.  It  is  desirable  to 
retain  only  the  aquatic  insects,  but  this  requires  some 
entomological  experience.  The  alternative  is  for  the 
investigator  to  retain  all  specimens. 

Habitat 

Habitat  measurements  are  made  at  10-m  in- 
tervals along  each  100-m  stream  site.  The  100-m 
measuring  tape  should  be  extended  longitudinally 
between  the  upper  and  lower  boundaries  of  the  site. 
The  tape  should  be  placed  along  the  middle  of  the 
stream,  following  the  general  shape  of  the  channel  as 
much  as  possible.  Surveyor's  pins  or  other  type  of 
stakes  can  be  used  to  secure  the  ends  of  the  tape,  or 
a  large  rock  can  simply  be  placed  on  the  tape.  All 
habitat  measurements  are  recorded  on  a  separate 
field  sheet  (Appendix  III.C.3).  Measurements  can  be 
made  by  proceeding  either  upstream  or  downstream, 
but  this  should  be  recorded  by  circling  the  appropri- 
ate arrow  for  flow  on  the  field  sheet.  The  tag  line  used 
in  the  discharge  procedures  is  also  used  to  mark  each 
transect  in  succession  for  the  habitat  measurements. 
The  tag  line  can  be  secured  on  the  stream  banks  with 
surveyor's  pins.  The  overall  scheme  for  habitat  meas- 
urements is  illustrated  for  a  representative  stream  site 
in  Appendix  III.C.4.  Note  that  transects  TO  through 
T10  demarcate  segments  S1  through  S10,  respec- 
tively. Width,  depth,  riparian  vegetation,  and  substra- 
tum are  measured  at  each  transect.  Debris  retention, 
fish  cover,  and  pool-riffle  ratio  are  measured  through- 
out each  segment. 


Depth 

Three  depth  measurements  should  be  made 
along  each  transect,  at  distances  of  one-fourth,  one- 
half,  and  three-fourths  of  the  transect  width.  Depth  is 
best  measured  with  a  wading  rod,  which  is  sturdy 
enough  to  withstand  the  current  and  the  flat  base  will 
not  slip  into  crevices.  Other  alternatives  are  a  folding 
rule  or  meter  stick.  Depth  measurements  should  be 
recorded  to  the  nearest  cm. 

Width 

Measure  the  width  of  the  stream  at  each 
transect  to  the  nearest  0.1  m.  Measure  the  width 
between  the  two  edges  of  water,  not  the  banks  of  the 
channel.  Islands,  which  are  defined  as  rock  or  land 
structures  greater  than  30  cm  (1  ft)  high  and  30  cm  (1 
ft)  wide,  are  excl  uded  from  the  measurement  of  stream 
width. 

Riparian  Vegetation  Cover 

This  measurement  should  only  be  made  when 
the  leaves  of  deciduous  trees  would  be  expected  to  be 
present.  At  each  transect,  look  directly  up  and  rank 
the  amount  of  cover  over  the  stream  channel  into  one 
of  three  categories:  3  =  67-100%  covered;  2  =  34- 
66%  covered;  1  =  0-33%  covered.  This  qualitative 
estimate  is  recorded  on  the  habitat  field  sheet  in  the 
column  "r.  cover."  Photographs  of  conditions  repre- 
senting each  category  are  provided  in  Appendix  III.C.5. 
In  Category  1  the  stream  is  exposed  to  the  sun  almost 
the  entire  day.  Category  1  is  not  likely  to  occur  in  the 
SNP  unless  there  has  been  extensive  perturbation  of 
the  surrounding  forest.  Category  1  is  the  situation  that 
would  normally  be  expected  for  a  small  stream  lo- 
cated in  a  forest  during  the  early  stages  of  succession, 
or  for  a  river  which  is  too  large  for  the  trees  to  shade. 
Most  of  the  streams  in  the  SNP,  particularly  the  smaller 
ones  at  higher  elevations,  are  likely  to  have  riparian 
cover  that  fits  Category  3.  This  is  the  condition  when 
the  limbs  of  most  of  the  trees  on  both  banks  meet  over 
the  stream  channel,  thereby  shading  most  of  the 
water.  I  n  Category  2  the  limbs  of  the  trees  do  not  meet 
over  the  water,  but  the  trees  are  tall  enough  and  the 
stream  narrow  enough  that  the  water  is  shaded  ex- 
cept during  the  middle  of  the  day. 

Riparian  Vegetation  Type 

At  each  transect  examine  the  vegetation  on 
both  banks  that  would  fall  or  blow  into  the  stream  and 
decide  whether  the  majority  of  the  material  would 
come  from  trees,  shrubs,  or  grasses  and  forbs.  Be 
sure  to  include  the  overstory  that  arises  from  the 
stream  banks  when  making  this  qualitative  evaluation. 
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The  categorization  is  recorded  on  the  habitat  field 
sheet  in  the  column  "r.  type,"  as  either  T  =  trees,  S  = 
shrubs,  or  GF  =  grasses  and  forbs.  No  riparian 
vegetation  is  recorded  as  N.  Photographs  of  flora 
representing  each  category  are  provided  in  Appendix 
III.C.6. 

Substratum 

The  composition  of  the  stream  bottom  is 
visually  analyzed  at  0.3-m  intervals  along  the  width  of 
each  transect.  The  tag  line  from  the  discharge  meas- 
urements is  useful  for  this  purpose  because  it  has 
convenient  markings.  In  SNP  streamsthe  substratum 
consists  almost  entirely  of  mineral  particles.  Look 
directly  undereach  0.3-m  segment  of  the  tag  line,  and 
categorizethedominant  substrate  material  according 
to  the  following  sizes  and  terms: 


Large,  immovable 
>25  cm,  movable 
6-25  cm 
.2-6  cm 
<.2  cm 


Bedrock  (BR) 
Boulder  (B) 
Cobble  (C) 
Pebble/Gravel  (PG) 
Sand  (S) 


Photographs  of  each  substrate  category  are  provided 
in  Appendix  III.C.7for  reference.  A  length  of  PVC  pipe 
with  the  substrate  sizes  delineated  ("cobblestick")  is 
very  useful  for  making  rapid  and  accurate  decisions. 
Record  the  abbreviation  of  the  dominant  type  for  each 
0.3  m  in  the  spaces  on  the  habitat  field  sheet  under 
"Predominant  Substrate." 

Debris  Retention 

Examine  each  segment  between  adjacent 
transects  and  categorize  them  according  to  the  abun- 
dance of  retention  structures:  3  =  abundant;  2  = 
intermediate;  and  1  =  none.  Debris  retention  struc- 
tures include  rock  outcrops,  boulders,  trees  rooted  in 
the  channel,  and  fallen  logs.  The  amount  of  debris 
accumulated  on  the  structures  does  not  enter  into  the 
decision.  These  qualitative  estimates  should  be  re- 
corded on  the  habitat  field  sheet  in  the  column  "d. 
reten."  Photographs  of  conditions  representing  each 
category  are  provided  in  Appendix  III.C.8  for  refer- 
ence. 

Fish  Cover 

Examine  each  segment  between  two  adja- 
cent transects  and  categorize  them  according  to  the 
abundance  of  fish  cover:  3  =  abundant  (more  than 
50%  of  segment  has  cover);  2  =  intermediate  (25-50% 
of  segment  has  cover);  and  1  =  exposed  (less  than 
25%  of  segment  has  cover).  Fish  cover  is  considered 


to  be  places  where  15  to  20-cm  (6  to  8-inch)  brook 
trout  could  hide  without  being  visible  from  above. 
Structures  that  provide  cover  are  large  rocks,  logs, 
undercut  banks,  and  terrestrial  vegetation  that  bends 
over  into  the  water.  In  order  to  be  usable  cover,  the 
water  should  be  at  least  15  cm  deep  and  the  current 
should  be  less  than  15  cm/s.  Depths  and  velocities 
must  be  estimated  visually  when  categorizing  fish 
cover.  Photographs  of  conditions  representing  each 
category  are  provided  in  Appendix  III.C.9  for  refer- 
ence. These  qualitative  estimates  should  be  made 
according  to  the  existing  water  level.  Estimates  are 
recorded  on  the  habitat  field  sheet  in  the  column  "f. 
cover." 

Pool-Riffle 

Examine  each  segment  between  two  adja- 
cent transects  and  estimate  the  length  of  the  segment 
that  is  pool  (deep,  still  water)  and  the  length  that  is  riffle 
(shallow,  flowing  water).  In  order  to  be  considered  a 
pool,  the  depth  and  current  should  be  appropriate  for 
15to20-cm  (6to8-inch)  brooktroutto  reside  there  (at 
least  15  cm  deep  with  current  less  than  15  cm/s). 
Pocket  water  in  the  channel  during  low  flow  can  be 
considered  as  a  pool;  glides  and  runs  (smooth,  slow- 
flowing  water)  are  considered  to  be  riffles.  The  1 00-m 
tape  that  is  stretched  longitudinally  along  the  channel 
is  helpful,  but  pool-riffle  is  still  largely  a  qualitative 
estimate.  Depth  and  current  must  be  estimated  visu- 
ally. It  should  be  kept  in  mind  that  pool-riffle  refers 
only  to  major  differences  along  the  length  of  a  seg- 
ment and  that  minor  differences  across  the  width  of  a 
segment  are  disregarded.  Photographs  in  Appendix 
III.C.10  provide  some  examples  of  pool-riffle  esti- 
mates. The  estimates  are  recorded  on  the  habitat  field 
sheet  in  the  column  "P:R",  to  the  nearest  1  m  and 
totaling  10  m. 

LABORATORY  ANALYSES 
AND  CALCULATIONS 

This  section  explains  how  the  samples  that 
have  been  collected  in  the  field  are  analyzed  to  pro- 
duce the  final  results.  In  addition,  some  measure- 
ments that  were  taken  in  the  field  require  further 
calculations  to  reach  appropriate  units  for  reporting. 
Many  of  these  analyses  and  calculations  are  standard 
methods  that  are  described  in  readily  available  books 
and  bulletins,  which  will  be  referenced  without  repeat- 
ing the  details.  Several  summary  and  worksheets  are 
provided  so  that  the  laboratory  analyses  and  calcula- 
tions can  be  performed  efficiently  and  accurately 
(Appendices  III. C.11  -15).  On  all  of  these  sheets,  the 
site  code,  date  that  the  site  was  sampled,  and  name  of 
the  person  who  is  compiling  the  data  should  be 
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entered.  Upon  completing  the  procedures  described 
in  this  section,  all  data  are  readyfor  entry  intothe  data 
base  management  system. 


Water  Quality 


Discharge 


Buchanan  and  Somers  (1 969)  provide  a  thor- 
ough description  of  how  to  calculate  discharge  from 
the  measurements  that  were  taken.  The  Discharge 
Measurement  sheet  that  was  used  in  the  field  (Appen- 
dix III.C.2)  has  spaces  to  complete  the  calculations. 
The  final  result  should  be  entered  in  the  appropriate 
space  on  the  Water  Quality  Summary  sheet  (Appen- 
dix III.C.11). 

Chemical  Parameters 

Upon  returning  from  field  sampling,  refriger- 
ate all  samples  until  they  are  analyzed.  All  chemical 
parameters  should  be  analyzed  according  to  meth- 
ods recommended  by  either  the  American  Public 
Health  Association  et  al.  (1 981 ,  or  later  editions)  or  U. 
S.  Environmental  Protection  Agency  (1983).  The 
following  are  specific  recommendations  within  these 
two  references  for  some  of  the  parameters.  Record  all 
final  results,  including  those  measurements  taken  in 
the  field  (temperature,  conductivity,  pH,  dissolved 
oxygen),  on  the  Water  Quality  Summary  sheet  (Ap- 
pendix III.C.11). 

Alkalinity:  double  endpoint  titration;  APHA  et  al.  (1981), 
method  403. 

Sulfate:  turbidimetric;  USEPA  (1983),  method  375.4. 

Nitrate:     spectrophotometric,  cadmium  reduction; 
USEPA  (1983),  method  353.3. 

Chloride:  colorimetric,  automated  ferricyanide  AAI  or 
AAII;  USEPA  (1983),  methods  325.1  or  325.2. 

Calcium:  atomic  absorption  spectrophotometric;  APHA 
etal.  (1981),  method  303  A. 

Magnesium:  atomic  absorption  spectrophotometric; 
APHA  et  al.  (1981),  method  303  A. 

Potassium:   atomic  absorption  spectrophotometric; 
APHA  et  al.  (1981),  method  303  A. 

Sodium:  atomic  absorption  spectrophotometric;  APHA 
etal.  (1981),  method  303  A. 

Silica:  colorimetric;  USEPA  (1983)  method  370.1. 


Seston 

The  methods  for  seston  analysis  are  almost 
the  same  as  those  that  APHA  et  al.  (1 981 )  suggest  for 
residue  analysis  (Section  209).  Use  the  Seston  Work- 
sheet (Appendix  III. C.  12)  to  record  the  sample  weights 
(pans  and  filters)  at  each  step.  Use  the  Water  Quality 
Summary  sheet  (Appendix  III.C.1 1)  torecord  thefinal 
calculations  (sample  weights  minus  tare  weights  of 
clean  filters  and  pans  divided  by  volume  of  water 
filtered).  Weights  should  be  reported  in  mg  and  final 
concentrations  in  mg/L  Other  references  that  may 
be  useful  are  Gurtz  et  al.  (1980)  and  Voshell  and 
Parker  (1985). 

Total  seston,  or  suspended  particulate  mat- 
ter, is  synonymous  with  total  nonfiltrable  residue  and 
can  be  measured  by  a  slight  modification  of  Method 
209  D.  Because  of  the  low  concentration  of  seston  in 
SNP  streams,  at  least  1  L  of  water  should  be  filtered. 
The  sample  should  be  dried  at  60  °C  for  24  hrs,  instead 
of  103-105  °C  for  1  hr,  to  make  sure  that  no  organic 
matter  is  volatilized.  This  weight  is  recorded  on  the 
worksheet  in  the  column  labelled  "Dry  Wt."  The 
concentration  of  total  seston  is  calculated  by  sub- 
tracting the  tare  weight  from  the  dry  weight  of  the 
sample  and  dividing  by  the  volume  of  water  filtered. 
The  concentration  should  be  recorded  on  the  water 
quality  summary  sheet  in  the  space  labeled  "Total." 

Inorganic  seston  is  synonymous  with  the  ash 
of  nonfiltrable  residue  and  can  be  measured  by  a 
slight  modification  of  Method  209  G.  The  sample 
should  be  ignited  at  500  °C  for  1  hr,  instead  of  550  °C 
for15min.  After  cooling,  afewdrops  of  distilled  water 
should  be  placed  on  the  filter  to  restore  the  water  of 
hydration.  Then  the  sample  should  be  dried  at  60  °C 
for24  hrs,  weighed,  and  recorded  on  the  worksheet  in 
the  column  labeled  "Ash  Wt."  The  concentration  of 
inorganic  seston  is  calculated  by  subtracting  the  tare 
weight  from  the  sample  ash  weight  and  dividing  by  the 
amount  of  water  filtered.  Record  the  concentration  on 
the  Water  Quality  Summary  sheet  in  the  space  labeled 
"Inorganic." 

Organic  seston  is  synonymous  with  volatile 
nonfiltrable  residue  and  can  also  be  measured  by  the 
same  modification  of  Method  209  G.  The  amount  of 
organic  seston  in  sample  is  the  difference  between  the 
dry  weight  of  the  sample  containing  total  seston  and 
the  weight  after  ignition,  wetting,  and  redrying.  Rec- 
ord this  sample  weight  on  the  worksheet  in  the  column 
labeled  "AFDW"  (ash-free  dry  weight).  Calculate  the 
concentration  of  organic  seston  by  subtracting  the 
tare  weight  from  the  ash-free  dry  weight  and  dividing 
by  the  amount  of  water  filtered.  Record  the  concen- 
tration on  the  Water  Quality  Summary  sheet  in  the 
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space  labeled  "Organic."  The  organic  seston/inor- 
ganic  seston  ratio  should  be  calculated  by  division, 
rounded  to  the  nearest  0.01 ,  and  entered  in  the  space 
labeled  "O/l." 

Bacteria 


Substratum 

Add  the  number  of  entries  for  each  of  the  five 
substrate  types  at  all  11  transects.  Calculate  the 
proportions  of  each  type  for  the  entire  site.  Round  to 
the  nearest  1%. 


Total  Coliform:  standard  MPN  test;  APHA et al.  (1 981 ), 
Method  908  A. 

Fecal  Coliform:  MPN  procedure;  APHA  et  al.  (1981), 
Method  908  C. 

Fecal  Streptococcus:  multiple-tube  technic;  APHA  et 
al.  (1981),  Method  910  A. 

Record  all  results  on  the  Bacteria  and  Seston 
Worksheet  (Appendix  III.C.14).  Results  should  be 
expressed  as  MPN  (Most  Probable  Number)/100  ml. 

Habitat 

The  Habitat  Measurements  sheet  that  was 
used  in  the  field  (Appendix  III.C.3)  should  be  used  as 
a  worksheet  to  make  the  calculations  described  be- 
low. Final  results  should  be  recorded  on  the  summary 
sheet  for  habitat  measurements  (Appendix  III.C.13). 

Depth 

Calculate  the  mean  depth  at  each  transect  by 
adding  the  three  measured  depths  and  dividing  by 
four  to  account  for  zero  depths  at  the  shore  (Platts  et 
al.  1983).  The  overall  mean  depth  at  the  site  is 
calculated  by  averaging  the  1 1  transect  mean  depths. 
Round  to  the  nearest  cm. 

Width 

The  mean  width  of  the  site  is  calculated  by 
averaging  the  1 1  transect  widths.  Round  to  the  near- 
est 0.1  m. 

Riparian  Vegetation  Cover 

Average  the  1 1  rankings  taken  at  each  transect. 
Round  to  the  nearest  0. 1 .  Results  can  be  interpreted 
as  follows:  2.6  -  3  is  mostly  shaded;  1 .6  -  2.5  is  mostly 
intermediate  conditions  of  shading;  1  -  1.5  is  mostly 
exposed  to  sunlight. 

Riparian  Vegetation  Type 

Add  the  number  of  entriesfor  each  of  the  four 
vegetation  types  at  the  1 1  transects.  Calculate  the 
proportions  of  each  type  for  the  entire  site.  Round  to 
the  nearest  1%. 


Debris  Retention 

Average  the  rankings  for  the  10  segments. 
Round  to  the  nearest  0.1 .  Results  can  be  interpreted 
as  follows:  2.6  -  3  is  mostly  abundant  retention 
capacity;  1.6  -  2.5  is  mostly  intermediate  retention 
capacity;  1  - 1 .5  is  mostly  withoutthe  capacity  to  retain 
debris. 

Fish  Cover 

Average  the  rankings  for  the  10  segments. 
Round  to  the  nearest  0.1 .  Results  can  be  interpreted 
as  follows:  2.6  -  3  is  mostly  abundant  cover;  1 .6  -  2.5 
is  mostly  intermediate  cover;  1  -  1.5  is  mostly  ex- 
posed. 

Pool-Riffle 

Average  the  pool  values  for  the  1 0  segments, 
then  average  the  riffle  values.  Round  both  the  pool 
and  riffle  averages  to  the  nearest  whole  number.  An 
important  rule  to  remember  when  rounding  off  is  that 
if  the  digit  to  be  rounded  is  followed  by  a  5  standing 
alone  or  followed  only  by  zeros,  the  digit  is  not  changed 
if  it  is  even  but  is  increased  by  one  if  the  digit  is  odd 
(e.g.,  2.5  rounds  to  2, 7.5  rounds  to  8)  (Sokal  and  Rohlf 
1981).  The  two  averages  should  total  10.  Reportthe 
average  results  as  the  pool:riffle  ratio.  This  ratio  can 
also  be  interpreted  as  the  proportion  of  pool  and  riffle 
at  the  site  (e.g.,  2:8  ratio  means  that  20%  of  the  site  is 
pool  and  80%  is  riffle). 


Biological 


Periphyion 


Biomass.  Spectrophotometric  determina- 
tion of  chlorophyll  a  is  used  to  estimate  the  biomass  of 
live  periphyton,  according  to  Method  1002  G.3  in 
APHAetal.  (1981).  Three  of  the  periphyton  samples 
should  be  analyzed  separately  and  averaged.  This 
method  includes  a  correction  factor  for  the  presence 
of  pheophytin  a,  a  common  degradation  product  of 
chlorophyll  a  that  interferes  with  determination  of 
chlorophyll  a.  Use  the  Bacteria  and  Periphyton  Work- 
sheet (Appendix  III.C.14)  to  record  the  various  steps 
of  this  procedure.  The  final  results  should  be  ex- 
pressed as  ug/cm2.  Method  1002  G.3  is  actually 
written  for  phytoplankton  samples,  which  are  reported 


111-14 


according  to  volume.  To  report  periphyton  in  terms  of 
surface  area,  the  area  of  the  sampler  in  cm2  should  be 
substituted  for  V2  in  the  equations.  I n  addition  the  final 
result  should  be  converted  from  mg  to  ug. 

Autotrophic  Index  (Al).  The  Al  is  calculated 
by  dividng  the  total  biomass  of  periphyton  by  the 
amount  of  chlorophyll  a,  in  accordance  with  APHA  et 
al.  (1 981 )  Method  1 002  G  except  that  the  units  are  ug/ 
cm2.  Use  the  Bacteria  and  Periphyton  Worksheet 
(Appendix  III.C.14)  to  make  the  calculations.  The 
amount  of  chlorophyll  a  is  obtained  from  the  proce- 
dures described  above.  The  total  biomass  of  periphyton, 
including  both  living  and  dead  material,  is  measured 
by  filtering  the  fourth  periphyton  sample  and  analyz- 
ing it  by  the  same  method  as  organic  seston  (Method 
209  G,  ash-free  dry  weight). 

Macroinvertebrates 

Quantitative  and  Qualitative  Benthic.  The 

analysis  of  each  benthic  sample  is  done  in  a  series  of 
steps  that  may  take  place  over  a  period  of  several 
days;  therefore,  it  is  essential  to  establish  a  log  that 
traces  the  analyis  of  each  sample  from  its  return  to  the 
laboratory  to  the  final  identification  and  enumeration 
of  specimens.  The  log  should  have  a  separate  entry 
for  each  benthic  sample  that  was  taken,  including  the 
code,  location,  type,  replicate,  and  date  collected. 
The  steps  that  should  be  recorded  in  the  log  are: 
return  to  the  laboratory,  washing,  sorting,  and  identi- 
fication along  with  enumeration.  The  date  that  each 
step  was  completed  and  the  initials  of  the  person 
completing  the  step  should  be  recorded.  The  log 
should  be  kept  in  a  sturdy,  permanently  bound  note- 
book, which  cannot  have  pages  removed. 

The  first  step  in  analyzing  benthic  macroin- 
vertebrate  samples  is  to  remove  any  remaining  fine 
detritus  and  the  original  preservative,  which  will  have 
become  darkly  stained  from  leaf  leachate.  This  is 
accomplished  by  placing  each  sample  in  a  355-um 
brass  soil  sieve  (U.  S.  Series  No.  45)  and  washing 
thoroughly  with  tap  water.  A  sieve  of  this  particular 
mesh  size  is  used  in  order  to  correspond  with  the 
mesh  size  of  the  nets  on  the  samplers  that  were  used 
to  collect  the  samples.  The  sample  should  be  gently 
stirred  and  shaken  while  it  is  being  washed.  The 
purpose  of  this  procedure  is  to  make  the  sample  clean 
enough  for  the  organisms  to  be  seen  and  removed. 
Therefore,  it  is  importantto  wash  samples  thoroughly; 
however,  care  should  be  taken  not  to  damage  the 
specimens  because  accurate  identifications  depend 
on  having  all  external  structures  intact.  All  material 
should  be  removed  from  the  sieve  and  placed  in  a 
suitable  container  for  temporary  storage.  Round 
glass  bowls,  measuring  1 1 .5  cm  in  diameter  and  5.5 


cm  high,  work  very  well  forthis  purpose.  The  original 
coded  label  that  was  placed  in  the  sample  during  field 
collection  should  be  kept  with  the  sample  throughout 
all  steps  of  analysis.  If  the  sample  is  to  be  sorted 
immediately,  water  can  be  added  to  the  container;  if 
there  will  be  a  delay  before  sorting  (e.g.,  overnight) 
then  70%  ethanol  should  be  added.  Special  efforts  are 
required  to  make  sure  that  all  material  is  removed  from 
the  sieve.  The  material  can  be  concentrated  at  the 
bottom  of  the  sieve  by  holding  the  sieve  at  an  angle 
under  a  faucet.  A  flexible  hose  attached  to  the  faucet 
is  particularly  effective  forthis  task.  The  sample  is  best 
transferred  to  the  container  by  gently  washing  it  out  of 
the  sieve  with  a  squeeze  bottle  containing  either  water 
or  alcohol.  The  bottom  area  of  the  sieve  should  be 
backwashed  with  the  squeeze  bottle  to  complete  the 
removal  of  the  sample. 

The  next  step  is  to  remove  the  organisms 
from  the  debris  in  the  sample.  This  procedure  can  be 
referred  to  as  "sorting,"  but  it  is  commonly  called 
"bug  picking."  The  importance  of  this  step  cannot  be 
overemphasized.  If  all  of  the  organisms  are  not 
consistently  removed  from  the  samples,  significant 
variability  will  be  introduced  into  the  monitoring  pro- 
gram, perhaps  even  making  the  careful  field  work  for 
naught.  Therefore,  it  is  essential  that  a  rigid  protocol 
be  established  and  followed.  The  sample  should  be 
placed  in  a  shallow  white  enamel  pan,  covered  with 
approximately  1  cm  of  water,  and  all  organims  taken 
out  with  forceps.  An  efficient  size  of  enamel  pan  is 
19.5cmwidex31  cmlongx5.5cmhigh.  If  the  sample 
contains  a  great  deal  of  debris,  only  a  small  portion 
should  be  placed  in  the  sorting  pan  at  onetime.  The 
pan  should  be  examined  in  a  systematic  fashion, 
proceeding  along  imaginary  rows  and  columns.  The 
debris  should  be  gently  stirred  with  the  forceps.  There 
should  be  adequate  lighting  immediately  above  the 
pan,  such  as  a  desk  lamp  with  a  flexible  arm.  An 
illuminated  magnifier  is  helpful,  but  not  essential  for 
the  size  of  organisms  that  will  be  retained  by  a  355-L/m 
mesh.  An  efficient  approach  is  to  carefully  examine 
the  entire  pan  with  the  unaided  eye,  then  scan  the 
entire  contents  a  second  time  with  the  illuminated 
magnifier.  As  the  organisms  are  removed  they  can  be 
placed  into  a  single  container  or  they  can  be  sepa- 
rated into  taxonomic  groupings,  depending  upon  the 
expertise  of  the  persons  doing  the  sorting.  A59-ml  (2- 
oz)  bottle  is  a  handy  size  for  holding  all  organisms 
collectively;  7-g  (4-dram)  vials  are  best  for  holding 
individual  taxonomic  groups.  After  the  second  scan 
of  the  pan,  dispose  of  the  material  and  continue 
sorting  portions  of  the  sample  until  finished.  Make 
sure  that  the  containers  are  filled  with  70%  ethanol  and 
are  tightly  sealed.  Each  jar  or  vial  should  contain  a 
copy  of  the  site  code,  and  the  original  field  label 
should  be  in  one  of  the  containers. 
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The  last  step  involves  identifying  the  specimens 
to  the  lowest  possible  taxonomic  level  and  counting 
the  number  in  each  taxon.  Each  specimen  must  be 
carefully  examined  with  a  reasonably  good  quality 
stereomicroscope  having  magnification  up  to  at  least 
40X.  Identification  is  accomplished  by  using  taxo- 
nomic publications  that  contain  descriptions  and  keys. 
Brigham  et  al.  (1 982)  and  Merritt  and  Cummins  (1 984) 
are  two  excellent  works  that  cover  all  of  the  aquatic 
insects  that  will  be  found  in  Virginia.  Some  more 
specialized  publications  that  cover  the  most  common 
individual  orders  of  insects  in  more  detail  are:  Edmunds 
et  al.  (1976),  Ephemeroptera;  Wiggins  (1977),  Trichop- 
tera;  and  Stewart  and  Stark  (1989),  Plecoptera.  Macro- 
invertebrates  other  than  insects  can  be  identified  with 
Pennak  (1 978)  or  an  older  work  that  is  still  quite  useful, 
Ward  and  Whipple  (1959).  Occasionally  immature 
stages  of  terrestrial  insects  are  found  in  aquatic  samples 
because  of  accidental  dislodgement  into  the  water. 
These  can  be  particularly  troublesome  because  they 
may  not  key  out  with  the  references  for  aquatic  fauna. 
A  recent  book'(Stehr  1987),  which  covers  the  imma- 
ture stages  of  all  insects,  contains  a  key  to  orders  that 
can  be  used  to  resolve  this  problem.  Benthic  macro- 
invertebrates  should  be  identified  to  at  least  the  follow- 
ing taxonomic  levels: 

Insecta  -  genus  (except  Diptera,  family) 
Crustacea  -  genus 
Mollusca  -  family 
Oligochaeta  -  class 
Turbellaria  -  class 

Sometimes  it  may  not  be  possible  to  identify  early 
stages  to  these  levels.  It  should  be  kept  in  mind  that 
good  taxonomic  references  by  themselves  do  not 
guarantee  accurate  identifications.  Formal  training  in 
a  course,  such  as  aquatic  entomology  or  invertebrate 
zoology,  or  experience  obtained  under  the  supervi- 
sion of  a  specialist  is  necessary.  It  is  always  a  good 
idea  to  have  representatives  of  each  taxon  verified  by 
specialists  at  universities  or  museums. 

As  specimens  are  identified  they  should  be  sorted 
for  separate  storage.  A  series  of  vials  lined  up  on  the 
bench  is  handy  for  this  purpose;  special  trays  are 
available,  or  can  be  constructed,  to  keep  the  vials 
from  tipping  over.  Watch  glasses  and  porcelain  spot 
test  plates  are  also  handy  for  temporarily  holding 
individual  taxa  while  a  sample  is  being  identified. 
Specimens  should  always  be  kept  immersed  in  70% 
alcohol.  For  the  quantitative  benthic  samples  all 
specimens  should  be  enumerated.  Individuals  can 
eitherbe  tallied  astheyare  identified  orcounted  atone 
time  after  the  entire  sample  is  finished.  It  is  probably 
more  efficient  to  continuously  tally  the  abundant  taxa 
and  countthesparsetaxaattheend.  Tally  meters  are 


useful  for  both  continuous  and  final  counting.  For  the 
qualitative  benthic  samplesthetaxaare  only  recorded 
as  being  present;  there  is  no  need  to  count  the  speci- 
mens. All  data  should  be  recorded  on  the  Benthic 
Macroinvertebrate  Worksheets  (Appendix  III. C.15).  It 
is  very  important  to  fill  in  all  of  the  information  at  the  top 
of  each  worksheet  (site  code,  date,  sample  type  and 
replicate,  person  making  the  identifications).  The 
column  for  comments  should  be  used  to  record  any 
special  circumstances,  such  as  questionable  identifi- 
cations that  need  more  attention  or  specimens  having 
been  sent  to  a  specialist  for  verification.  Macroin- 
vertebrate data  are  entered  into  the  data  base  man- 
agement system  by  taxonomic  codes,  rather  than 
scientific  names.  After  the  samples  are  identified  and 
enumerated,  the  taxonomic  codes  should  be  written 
on  the  worksheets  in  the  column  labeled  "Taxa  Codes" 
to  make  data  entry  faster  and  more  accurate.  The 
taxonomic  codes  can  be  found  in  the  dictionary  for 
the  aquatic  component  of  the  data  base  management 
system. 

When  a  sample  is  completely  identified  and 
counted,  all  specimens  should  be  stored  individually 
in  4-dram  vials  containing  70%  alcohol.  Make  sure  the 
vials  are  filled  and  tightly  sealed.  Either  patent-lip  vials 
with  neoprene  stoppers  or  screw-cap  vials  with  coni- 
cal plastic  liners  will  prevent  evaporation  of  the  alco- 
hol for  extended  periods  of  time  (several  yrs).  Each 
vial  should  contain  a  label  bearing  the  site  code,  site 
name,  date,  taxonomic  name,  and  name  of  the  person 
making  the  identification.  Vials  should  be  stored  in 
collective  lots  corresponding  to  site,  date,  sample 
type,  and  replicate.  The  original  field  label  should  be 
kept  with  the  corresponding  lot.  Cardboard  unit  trays, 
which  are  available  commercially,  are  efficient  for 
storing  samples  in  this  manner.  All  samples  should  be 
kept  at  least  until  the  data  are  entered  into  the  data 
base  management  system  and  successfully  analyzed. 
Inevitably  questions  will  arise,  and  certain  taxa  in 
some  samples  will  have  to  be  reexamined.  Eventually 
storage  space  and  costs  of  new  vials  will  make  it 
necessary  to  dispose  of  old  samples.  The  SNP  should 
decide  how  long  samples  will  be  kept;  a  minimum  of 
1  yr  after  entry  into  the  data  base  management  system 
is  recommended.  It  is  imperative  to  keep  several  vials 
of  each  taxon  collected  each  year  as  a  voucher  collec- 
tion. The  voucher  collection  serves  as  a  tool  for 
training  employees  or  consultants,  educating  the  public, 
and  resolving  any  taxonomic  questions  that  might 
arise  in  the  future. 
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APPENDIX  III.A 


LOCATIONS  OF  STREAM  SITES 


Appendix  III.A.1 


Stream  Site  3L300:  Paine  Run  -  Upper  (Top  Arrow) 


Directions  (PATC  Map,  Southern  District): 

Take  the  Paine  Run  Trail  off  the  Skyline  Drive;  at  the  second  switchback,  take  path  on  right 
side  of  trail  to  Blackrock  Springs;  at  the  springs,  hike  downhill  to  the  stream  then  1 00  m 
upstream. 

Location  of  Markers: 


On  left  descending  bank;  top  marker  15  m  from  stream  edge  near  28-cm  white  oak; 
bottom  marker  8  m  from  stream  edge  near  20-cm  white  oak. 

Elevation:  560.8  m  (1840  ft) 

UTM:696700E,  4331200N 


Appendix  III.A.2 


Stream  Site  3L301 :  Paine  Run  -  Lower  (Bottom  Arrow) 


Directions  (PATC  Map,  Southern  District): 

Take  Rt.  661  at  Grottoes  off  Rt.  340;  drive  to  end  of  road;  hike  down  old  road  (with  gate  at 
top)  to  stream;  also  SNP  Trout  Section  #123. 

Location  of  Markers: 


On  right  descending  bank;  top  marker  20  m  from  stream  edge,  across  trail,  near  30-cm 
pine;  bottom  marker  20  m  from  stream  edge,  across  trail,  up  steep  slope,  in  line  with 
upstream  edge  of  road/stream  crossing. 

Elevation:  426.7  m  (1400  ft) 

UTM:  693200E,  4229950N 


Appendix  III.A.3 


Stream  Site  3L302:  Twomile  Run  -  Upper  (Right  Arrow) 


Directions  (PATC  Map,  Southern  District): 

Take  Onemile  Run  Trail  off  the  Skyline  Drive;  at  the  point  on  the  trail  where  it  starts  down 
towards  Onemile  Run  (approx.  640.1  m  [2100  ft]),  "bushwhack"  in  an  easterly  direction 
down  a  ravine  towards  Twomile  Run;  at  the  run,  go  downstream  until  you  reach  a  tributary 
entering  from  the  east;  it  is  helpful  to  have  3  persons  for  carrying  equipment  over  steep 
terrain. 

Location  of  Markers: 

On  left  descending  bank;  top  marker  20  m  from  stream  edge  near  double  trunk  red  oak,  in 
line  with  tributary  entering  from  the  east;  bottom  marker  10  m  from  stream  edge  near  25- 
cm  white  oak. 

Elevation:  512.1  m  (1680  ft) 

UTM:  705500E,  4242750N 


Stream  Site  3L303:  Twomile  Run  -  Lower  (Left  Arrow) 


Appendix  III.A.4 


Directions  (PATC  Map,  Southern  District): 

Take  Rt.  649  off  Rt.  340;  Rt.  649  becomes  a  dirt  road  after  crossing  Rt.  754;  follow  road  to 
left  after  you  can  no  longer  go  straight  because  of  private  gate;  park  at  area  at  end  of  road; 
hike  down  trail  to  boundary;  also  SNP  Trout  Section  #103. 

Location  of  Markers: 

On  left  descending  bank;  top  marker  20  m  from  stream  edge  up  moderate  slope;  bottom 
marker  20  m  from  stream  edge  near  30-cm  red  oak  on  boundary. 

Elevation:  408.4  m  (1340  ft) 

UTM:  703500E,  4245200N 


Appendix  III.A.5 


Stream  Site  2L302:  Hazel  River  -  Upper  (Left  Arrow) 


Directions  (PATC  Map,  Central  District): 

Drive  down  fire  road  at  parking  area  on  Skyline  Drive  for  Hazel  Mountain  Trail,  then  follow 
Hazel  Mountain  Trail  to  the  first  stream  crossing;  also  SNP  Trout  Section  #90. 

Location  of  Markers: 


On  left  descending  bank;  top  marker  10  m  from  stream  edge  near  20-cm  hemlock;  bottom 
marker  1 1  m  from  stream  edge  near  36-cm  hemlock,  in  line  with  downstream  edge  of 
trail/stream  crossing. 

Elevation:  670.6  m  (2200  ft) 

UTM:  735450E,  4279000N 


Appendix  III.A.6 


Stream  Site  2L303:  Hazel  River  -  Lower  (Right  Arrow) 
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Directions  (PATC  Map,  Central  District): 

Take  Rt.  600  off  Rt.  681 ;  drive  up  private  road  to  boundary;  bottom  marker  is  just  above 
ford;  also  SNP  Trout  Section  #71 . 

Location  of  Markers: 

On  right  descending  bank;  top  marker  1 7  m  from  stream  edge,  across  trail,  near  61  -cm 
poplar;  bottom  marker  13  m  from  stream  edge  on  boundary. 

Elevation:  347.5  m  (1140  ft) 

UTM:  738350E.4277450N 


Appendix  III.A.7 


Stream  Site  2L306:  Staunton  River  -  Upper 
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Directions  (PATC  Map,  Central  District): 

Take  the  Rapidan  Road  off  Skyline  Drive;  then  Fork  Mountain  Road  to  road/stream 
crossing. 

Location  of  Markers: 


On  left  descending  bank;  top  marker  1 5  m  from  stream  edge  near  23-cm  locust, 
approximately  50  m  downstream  of  crossing;  bottom  marker  15  m  from  stream  edge  near 
double  trunk  hemlock,  in  line  with  top  of  1 .8-m  falls. 

Elevation:  902.2  m  (2960  ft) 

UTM:  725250E,  4260600N 


Appendix  III. A.8 


Stream  Site  2L307:  Staunton  River  -  Lower  (Right  Arrow) 


Directions  (PATC  Map,  Central  District): 

Take  Rt.  662  off  Rt.  230;  park  at  PATC  cabin  parking  area;  go  straight  to  stream  from 
parking  area;  can  come  from  above,  via  Rapidan  Road,  depending  on  road  conditions; 
also  SNP  Trout  Section  #72. 

Location  of  Markers: 

On  left  descending  bank;  top  marker  15  m  from  stream  edge,  up  a  moderate  slope,  near  a 
76-cm  red  oak;  bottom  marker  12  m  from  stream  edge,  up  a  steep  slope,  near  a  38-cm 
maple. 

Elevation:  347.5  m  (11 40  ft) 

UTM:  729250E,  4258250N 


Stream  Site  2L308:  North  Fork  Dry  Run  -  Upper 


Appendix  II1.A.9 
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Directions  (PATC  Map,  Central  District): 

Take  dirt  road  to  Lambert's  property  off  Rt.  669;  park  near  the  Lambert  house;  hike  to  the 
boundary;  also  SNP  Trout  Section  #131. 

Location  of  Markers: 


On  right  descending  bank;  top  marker  10  m  from  stream  edge,  near  several  red  oaks; 
bottom  marker  9  m  from  stream  edge,  near  20-cm  red  oak  on  boundary. 

Elevation:  499.9  m  (1640  ft) 

UTM:  729900E,  4279900N 
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Stream  Site  2L300:  White  Oak  Canyon  Run  -  Upper  (Left  Arrow) 
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Directions  (PATC  Map,  Central  District): 

Take  the  White  Oak  Canyon  Road  off  the  Skyline  Drive;  park  and  hike  to  stream. 

Location  of  Markers: 

On  right  descending  bank;  top  marker  10  m  from  stream  edge,  across  trail,  near  a  30-cm 
maple;  bottom  marker  12  m  from  stream  edge,  across  trail,  near  41 -cm  maple, 
approximately  50  m  upstream  of  trail/stream  crossing. 

Elevation:  792.5  m  (2600  ft) 

UTM:729550E,  4271600N 
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I :  White  Oak  Canyon  Run  -  Lower  (Right  Arrow) 
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Directions  (PATC  Map,  Central  District): 

Take  Rt.  600  off  Rt.  643;  park  at  SNP  parking  area;  take  White  Oak  trail  to  steel  bridge;  also 
SNP  Trout  Section  #9. 

Location  of  Markers: 

On  left  descending  bank;  top  marker  1 5  m  from  stream  edge,  near  61  -cm  hemlock, 
approximately  20  m  downstream  of  bridge;  bottom  marker  8  m  from  stream  edge,  near  61  - 
cm  white  oak,  up  a  steep  slope. 


Elevation:  341 .4  m  (11 20  ft) 
UTM:  730950E,  4268900N 


Stream  Site  2L301 :  White  Oak  Canyon  Run  -  Lower  (Right  Arrow) 


Appendix  1 1 1.  A.  11 


!0£#ooW 


-^<^^%w////////////////4>.  ■  /  > 


-> 


3268 


>       /<*& 


Directions  (PATC  Map,  Central  District): 

Take  Rt.  600  off  Rt.  643;  park  at  SNP  parking  area;  take  White  Oak  trail  to  steel  bridge;  also 
SNP  Trout  Section  #9. 

Location  of  Markers: 

On  left  descending  bank;  top  marker  15  m  from  stream  edge,  near  61 -cm  hemlock, 
approximately  20  m  downstream  of  bridge;  bottom  marker  8  m  from  stream  edge,  near  61  - 
cm  white  oak,  up  a  steep  slope. 

Elevation:  341.4  m  (1120  ft) 

UTM:  730950E,  4268900N 
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Stream  Site  2L304:  Hogcamp  Branch  -  Upper 
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Directions  (PATC  Map,  Central  District): 

Take  the  Rose  River  Road  off  the  Skyline  Drive  to  bridge;  also  SNP  Trout  Section  #55. 

Location  of  Markers: 

On  left  descending  bank;  top  marker  15  m  from  stream  edge,  near  23-cm  poplar, 
approximately  1 0  m  downstream  of  bridge;  bottom  marker  9  m  from  stream  edge,  near  20- 
cm  forked  birch. 


Elevation:  853.4  m  (2800  ft) 
UTM:  724700E,  4266500N 
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Stream  Site  2L305:  Rose  River  -  Lower  (Right  Arrow) 
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Directions  (PATC  Map,  Central  District): 

Take  Rt.  670  off  Rt.  231 ;  park  at  boundary;  an  unmarked  trail,  which  intersects  with  the 
road  just  before  the  yellow  gate,  leads  directly  to  the  site;  also  SNP  Trout  Section  #15. 

Location  of  Markers: 

On  left  descending  bank;  top  marker  1 5  m  from  stream  edge,  near  61  -cm  white  oak; 
bottom  marker  15  m  from  stream  edge,  across  a  small  gully,  approximately  50  m 
upstream  of  boundary. 

Elevation:  341.4  m  (1120  ft) 

UTM:  729550E,  4266050N 
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Stream  Site  1 L308:  Piney  River  -  Upper  (Top  Arrow) 


Directions  (PATC  Map,  Northern  District): 

Take  Keyser  Run  Road  to  Pole  Bridge  Link  Trail;  hike  to  "old"  Piney  Branch  trail/stream 
crossing;  it  is  helpful  to  have  3  persons  for  carrying  equipment. 

Location  of  Markers: 

On  right  descending  bank;  top  marker  5  m  from  stream  edge,  near  76-cm  white  oak,  at  the 
"old"  crossing;  bottom  marker  12  m  from  stream  edge,  near  15-cm  red  oak,  in  line  with  top 
of  falls. 


Elevation:  768.1  m  (2520  ft) 
UTM:  736250E,  4291 800N 
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Stream  Site  1 L309:  Piney  River  -  Lower 


r<DQy  jjse  Onfwl__. 

Directions  (PATC  Map,  Northern  District): 

Take  Rt.  600  off  Rt.  21 1 ;  park  at  washed  out  bridge  or  along  Rt.  653;  hike  to  boundary;  also 
SNP  Trout  Section  #3. 

Location  of  Markers: 


On  left  descending  bank;  top  marker  20  m  from  stream  edge,  across  trail,  near  20-cm  ash; 
bottom  marker  20  m  from  stream  edge,  across  trail  and  old  rock  wall,  in  line  with  upstream 
edge  of  trail/stream  crossing. 

Elevation:  353.6  m  (11 60  ft) 

UTM:  737750E,  4286950N 


Stream  Site  1L313:  Jeremys  Run  -  Upper  (Bottom  Arrow) 
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Directions  (PATC  Map,  Northern  District): 

Take  Jeremys  Run  Trail  off  Skyline  Drive  at  Elkwallow  Picnic  Area  to  first  trail/stream 
crossing;  also  SNP  Trout  Section  #2. 

Location  of  Markers: 

On  left  descending  bank;  top  marker  10  m  from  stream  edge,  near  30-cm  red  oak;  bottom 
marker  7  m  from  stream  edge,  in  line  with  downstream  edge  of  trail/stream  crossing. 

Elevation:  548.6  m  (1800  ft) 

UTM:732550E,  42921 00N 
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Stream  Site  1L307:  Lands  Run  -  Upper 


Directions  (PATC  Map,  Northern  District): 

Take  Lands  Run  Gap  Road  off  Skyline  Drive  to  road/stream  crossing. 

Location  of  Markers: 

On  right  descending  bank;  top  marker  10  m  from  stream  edge,  near  13-cm  maple;  bottom 
marker  10  m  from  stream  edge,  near  36-cm  maple,  approximately  5  m  upstream  of 
crossing. 

Elevation:  518.2  m  (1700  ft) 

UTM:744050E,  4301200N 
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EQUIPMENT,  BIOLOGICAL  SAMPLING 
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Stream  Site  Marker 


Painted  end  cap 


Hose  clamp  and 
chain  link 
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Equipment  List 


The  following  is  a  list  of  equipment  needed  for  the  field  and  some  of  the  laboratory 
procedures  in  the  aquatic  component  of  the  LTEMS.  The  list  is  reasonably  complete  except  for  the 
items  needed  to  do  the  routine  chemical  analyses  in  the  laboratory.  Those  common  laboratory 
items  are  listed  in  accepted  methods  manuals  (American  Public  Health  Association  et  al.  1 981 , 
U.S. Environmental  Protection  Agency  1983).  A  source  of  supply  is  listed,  but  it  should  be  noted 
that  there  are  additional  sources  for  most  items. 


PARAMETER 


EQUIPMENT 


VENDOR 


Discharge 


Mini-current  meter 
(electronic  or 
mechanical) 


Marsh-McBirney  Inc. 
8595  Grovemont  Circle 
Gaithersburg,  MD  20877 


Width 


Tag  line,  wading 
rod,  100-mtape 


Riparian  vegetation 
cover,  type 


Tag  line,  100-mtape 


Debris 
retention 


Tag  line,  100-mtape 


Fish  cover 
Pool-Riffle 


Tag  line,  100-mtape 
Tag  line,  100-mtape 


Substratum 


Tag  line,  cobblestick, 
100-mtape 


Scientific  Instruments 
51 8  West  Cherry  St. 
Milwaukee,  WS  53212 


Top  setting  metric 
wading  rod,  tag  line, 
stopwatch 


Forestry  Suppliers 
205  West  Rankin  St. 
Jackson,  MS  39204 


Depth 


Tag  line,  wading 
rod,  100-mtape 


Forestry  suppliers 


Water 
temperature 


YSI  Model  33  meter, 
long-stem  thermometer 


American  Scientific 
8855  McGaw  Rd. 
Columbia,  MD  21045 


Dissolved 
oxygen 


YSI  Model  58  meter, 


Fisher  Scientific, 
P.O.  Box  40339 
Raleigh,  NC  27629 


Hach  kit 


Hach  Company 
P.O.  Box  389 
Loveland,  CO  80539 
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Conductivity 
pH 


Alkalinity, 

conductivity, 

pH,  nitrate, 

sulfate, 

calcium, 

magnesium, 

chloride, 

sodium, 

potassium, 

silica 

Seston 


Bacteria 


Periphyton 
(chlorophyll  a) 


YSI  model  33  meter 

Fisher  Accumet  640 
meter  with  calomel 
reference  electrode 
and  universal  electrode 
(or  equivalent), 
electrode  storage 
solution 

1  -L  dark  plastic 
collection  bottle 


Fisher  Scientific 
Fisher  Scientific 


Fisher  Scientific 


1-L  collection  bottle, 
vacuum  pump, 
filter  funnel  (47mm), 
filter  flask, 
vacuum  hose, 
glass  fiber 
filters  (47mm), 
aluminum  pans, 
filter  forceps, 
filter  flask  (2  L), 
graduated  cylinder  (1  L), 
muffle/ashing  furnace, 
convection  drying  oven, 
electronic  analytical 
balance  (0.00001  g) 

1  -L  autoclavable 
plastic  bottles 

Bar-clamp  sampler 

(fabricated), 

acid  etching  brush, 

wash  bottle, 

eye  dropper, 

60-ml  dark  plastic 

bottles, 

filtering  equipment 

(see  seston), 

hydrochloric  acid, 

aqueous  acetone, 

magnesium  carbonate, 

whirl-pak  bags, 

tissue  grinder, 


Fisher  Scientific 
GELMAN  filtering 
products 


Fisher  Scientific 
Hardware  Store 
Fisher  Scientific 
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grinding  chamber  and  bit, 

12-ml  graduated 

centrifuge  tubes, 

centrifuge, 

pipets, 

cuvets, 

spectrophotometer 


Perkin-Elmer 
2000  York  Rd. 
Oak  Brook,  IL  60521 


Macro- 
invertebrates 


D-frame  kick  net, 
aerial  net 


BioQuip 

1320  E.  Franklin  Ave 

El  Segundo,  CA  90245 


Surber  sampler 
(350  urn  net) 


Wildco 
301  Cass  St 

Saginaw,  Ml  48602 


Portable  invertebrate 
box  sampler  (PIBS) 
(350  urn  net) 


Ellis-Rutter 
P.O.  Box  401 
PuntaGorda.FL  33950 


2.5-L  plastic 
containers  with  lids 


GenpakCorp. 
Box  727 

Glens  Falls,  NY  12801 


4-dram  vials, 
2-oz  jars, 

formaldehyde  (opt.), 
ethanol, 
forceps 


Fisher  Scientific 


Vegetable  brush 
Hand  rake 


Hardware  store 


Dymo  labeler 


Office  supply  store 


Miscellaneous 


Hip  waders, 
2  backpacks 


Outdoor  recreation 
supplier 
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Periphyton  Sampling 
Bar-Clamp  Sampler 


Bar-clamp 


Sampler  support 


PVC  or  acrylic  reservoir 


Rubber  gasket 


Substrate  support 


Brushing 


Removing 
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Quantitative  Benthic  Sampling 


PIBS 


PIBS 


PIBS 


PIBS 


Surber 


Surber 


Qualitative  Benthic  Sampling 
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Leaf  Pack 


Rock  Outcrop 


Roots 


Overhanging  Vegetation 
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Aerial  Sampling 


APPENDIX  III.C 


RECORDS,  MEASUREMENTS,  ANALYSES,  CALCULATIONS 


FIELD  RECORDS 
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SITE 


DATE 


TAKEN  BY 

H20  TEMP, 
D.O. 


SESTON 
CHEM. 


BACT. 
PERIPH 


Bottle   #»s 


PH 


_mg/L  (_   Meter  or     Hach)   COND. 


jxmhos 


MACROINVERTEBRATE  (Samples  Collected) 

BENTHIC  -  Quan:  PIBS   or 

BENTHIC  -  Qual:  

AERIAL   -  Qual:  


SURBER 


NOTES: 
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SITE 


DISCHARGE  MEASUREMENT 
DATE 


TAKEN  BY 
WIDTH 


METHOD 


Dist.  from 
initial  pt. 

width 

depth 

rev. 

sec. 

vel. 
m/s       f/s 

Discharge 

Total 
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w 

Eh 
< 

a 


w 

Eh 
H 
W 


W 

Eh 
2 
W 
g 

w 
« 

D 
W 
< 

w 
s 

Eh 
£ 

H 

CQ 

<C 
K 


PREDOMINANT    SUBSTRATE 
7     8     9   10  11  12   13   14   15  16  17  18   19  20  21  22  23  24  25  26  27  28 

VO 

LT» 

•* 

n 

CM 

H 

H'-d 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

aaAoo  *j 

1 

1 

1 

1 

1 

I 

1 

1 

1 

1 

1 

quaqai  -p 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

acHq.  *a 

:ra/soo  *a 

i«PTA 

todap 

8  i 

H       H       f 

Q      Eh      C 

M      CM      r 
0      Eh      t 

o     p     ^ 
0     Eh     b 

0     Eh     l 

t     y~»     v. 

0       Eh       I 

9     vo     r 
Q      Eh      D 

O      c 
1      Eh      I 

0      CO      c 
0      H      C 

c 

Pi      en      r 

0     Eh     l 

3      O 
H       rH 
0      Eh 
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Representative  Stream  Site 


Flow 


T10 


Transects  (TO -T10)  and  segments  (S1  -S10) 
are  used  for  making  habitat  measurements. 


Categories  for  Riparian  Vegetation  Cover 
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3  =  67-100%  covered 


3  =  67-100%  covered 


2  =  34-66%  covered 


2  =  34-66%  covered 


1  =  0-33%  covered 


1  =  0-33%  covered 


Categories  for  Riparian  Vegetation  Type 
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T  =  Trees 


S  =  Shrubs 


GF  =  Grasses  and  Forbes 


N  =  None 
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Categories  for  Substratum 


BR  =  Bedrock 


BR  =  Bedrock 


B  =  Boulder 


B  =  Boulder 


C  =  Cobble 


C  -  Cobble 


PG  =  Pebble/Gravel 


S  =  Sand 
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v    4 


PG  =  Pebble/Gravel 


S  =  Sand 
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Categories  for  Debris  Retention 
(Persons  or  arrows  delimit  1 0-m  segments) 


3  =  Abundant 


3  =  Abundant 


2  =  Intermediate 


2  =  Intermediate 


E 

■-■■  *»«p*^  ... 

'Zt*-^-*mSF*  ~^-     ,- 

W*                   ^t^nKtm-*^ 

4B 

1  =  None 


1  =  None 
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Categories  for  Fish  Cover 
(Arrows  indicate  structures  providing  cover) 


3  =  Abundant 


3  =  Abundant 


M  _ 


2  =  Intermediate 


2  =  Intermediate 


1  =  Exposed 


1  =  Exposed 
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Examples  of  Pool-Riffle  Ratios 
(Persons  or  arrows  delimit  1 0-m  segments) 


0:  10 


'*■:■■% 


W**T' 
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■  «L<ax^'  ft. 


2:8 


5:5 
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6:4 


9:1 


10:0 
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WATER    QUALITY    SUMMARY 


SITE 


DATE 


COMPILED    BY 


FIELD   MEASUREMENTS: 


H20  Temp. 


°C 


PH 


Conductivity 


jLtmhos 


D.O. 


mg/L 


DISCHARGE    CALCULATION: 


_mJ/s      X      35.315    = 


ft3/s 


SESTON   ANALYSES: 


Filter# 


Total 
mg/L 


Organic 
mg/L 


Inorganic 
mg/L 


0/1 


CHEMICAL   ANALYSES 


PH 


Alk. 


_mg/L         Alk.  fieq/1,         Cond. 


jimhos 


S04  mg/L        N03  mg/L  CI 


_mg/L  SiO- 


_mg/L 


Ca 


_mg/L  Mg 


_mg/L 


K 


mg/L 


Na 


_mg/L 
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SESTON   WORKSHEET 


ANALYZED 

BY 

Filter 

Number 

Site/Date 

Amt.  Filt. 

(L) 

Tare  Wt. 
(ng) 

Dry  Wt. 
to) 

Ash  Wt. 

(mg) 

AFDW 

(ng) 

HABITAT  MEASUREMENTS  SUMMARY 
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SITE 


DATE 


CALCULATED  BY 


DEPTH 


WIDTH 


cm 


m 


RIPARIAN  VEGETATION  COVER 


RIPARIAN  VEGETATION  TYPE 


GF 


N 


DEBRIS  RETENTION 


FISH  COVER 


POOL  -  RIFFLE: 
RATIO 


(P:R) 


SUBSTRATUM: 


BR 


B 


PG 
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SITE 


BACTERIA    AND    PERIPHYTON    WORKSHEET 


DATE 


ANALYZED    BY 


BACTERIA   ANALYSES: 


Fee.    St. MPN/lOOmL     T.    Coli. MPN/lOOmL     F.    coli. 


_MPN/100mL 


PERIPHYTON    ANALYSES 


Chlorophyll  a: 

Correction  Factors  for  Calibration       750nm 


663nm 


Rep/tube  #s     mL  in     750nm     663nm     750nm     665nm     jjq/cm2 
extraction 


Mean  chl  a 


jitg/cm2 


Total  Biomass: 


Filt.  # 


Area 
Sampled 
(cm2) 


Tare  Wt. 

(Mg) 


Dry  Wt. 


Ash  Wt. 


AFDW 

im) 


Autotrophic  Index: 

A.I.   =  AFDW  Mg/cm2  / 


mean  chl  a  /zg/cm2 
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BENTHIC  MACROINVERTEBRATE  WORKSHEET 


SITE 


DATE 


SAMPLE  TYPE  &  REP 


I DENT   BY 


Taxa  Codes 

Taxa 

No. /Samp. 

Comments 

